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The size of the South African anchovy and pilchard 
population was estimated using Virtual Population 
Analysis (Gulland 1965). These estimates were 
used to test classical stock recruit models as well 
as to investigate possible stock interactions. The 
population biomass of the pilchard indicated a severe 
decline after 1959 from a level of approximately 
2 000 000 metric tons to about 200 000 metric tons 
in the mid 1970's. This change was in agreement 
with catch per unit effort estimates of abundance 
(Newman et al in press). The anchovy abundance 
remained fairly constant at about 300 000 metric 
tons during the period 1965 - 1974 for which estimates 
could be made. During 1976 the pilchard stock showed 
a partial recovery of its former abundance. 
Adult and recruit stocks of both anchovy and pilchard 
were fitted to the Ricker (1954) and Beverton and 
Holt (1957) stock/recruit curves, but there was 
insufficient data to allow a decision to be made as 
to which model was appropriate for either stock. 
The anchovy and pilchard populations or age groups 
within them do not appear to interact in a very 
definite manner. Attempts to quantify interactions 
using Virtual Population Analysis have not been 
successful although better estimates of the strength 
/ 
of age-groups would be possible if the variation in 
natural mortality with age was understood. 
The fact that elements of the stock of anchovy and 
pilchard do not appear to be rigorously related 
indicates the importance of understanding which 
environmental factors are critical to survival. 
A difference between the area in which recruitment 
takes place and the area in which most adults are 
caught indicates a movement of young fish onto the 
west coast fishing grounds. The movements were 
substantiated by observations of catch per unit 
effort of juveniles on the west coast in each month 




The method central to this thesis, Virtual 
Population Analysis, was developed elsewhere 
and is referenced in the appropriate section. 
The auth<?r is responsible for the application 
of the technique to South African fish species 
data. The FORTRAN programme for the manipulation 
of the standard equations was written by the 
author and carried out on a UNIVAC 1106 computer. 
/ 
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The Western Cape pelagic fishery. 
South African catches of pelagic fish are centred 
in waters off the Western Cape. The fishery was 
established in 1943 but catch records are only 
reliable from 1950 onwards. 
At least six species have contributed to the catch, 
these being the anchovy (Engraulis capensis), 
pilchard {Sardinops ocellata), maasbanker 
(Trachurus trachurus), mackerel (Scomber japonicus), 
red-eye (Etremeus teres) and lantern fish 
(Lampanyctodes hectoris). Catches made off the 
Western Cape are shown in table I. 
Considerable changes in fishing power and catch 
composition have occurred since 1950 {Newman et al 
in press). The introduction of a 12,7 mm stretched 
mesh net during 1964/1965 to replace the 32 mm and 
38 mm nets previously used led to the appearance in 
t~e catch of more small individuals and an increase 
in anchovy, red-eye and lantern fish landings. 
After 1964 the anchovy and pilchard together 
comprised well over half of the landings. The two 
species therefore formed the major component of the 
industry which produced canned fish, fish meal and oil. 
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Canned pilchard is more remunerative than the meal 
and oil which is mainly derived from the smaller 
specimens of all species. Added impetus is thus 
provided for studying the interactions between 
species, with a view to successfully managing the 
stocks. 
Pilchard landings declined considerably after·l962. 
This phenomenon has been associated by several 
authors with competition from the anchovy. Stander 
and Le Roux (1968) suggest that as both species 
have a mixed diet including phyto- and zooplankton 
there is likely to be an equilibrium between the 
respective populations. This implies that food 
limits the abundance, a theory that has not yet been 
substantiated. 
The existence of a natural balance between anchovy 
and pilchard populations has also been discussed by 
Murphy (1966). This author coupled the decline of 
the Pacific sardine (Sardinops caerulea) with high 
fishing effort and with increasing competition from 
the anchovy. The mechanism of this competition was 
thought to have been for food particles, or through 
anchovy preying on pilchard larvae. However, the 
increase in the anchovy population off California 
I 
appeared after the decline in sardine landings, 
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suggesting that competition was mediated through 
the environment, in one or more steps. This could 
have happened if a reduced pilchard populatiort 
allowed food available to the anchovy population to 
build up gradually. 
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TABLE I 
COMPOSITION OF THE SOUTH AFRICAN PELAGIC CATCH 
1950-1976 (thousands of metric tons) 
YEAR PILCHARD ANCHOVY MAAS- MACKEREL RED-EYE LANTERN BANKER FISH 
1950 85,3 - 49,9 - - -
1951 101,9 - 98,5 - - -
1952 170,0 - 102,6 - - -
1953 132,5 - 85 '2 - - -
1954 88,3 - 118,1 4,0 - -
1955 121,9 - 78,8 20,2 - -
1956 76,6 - 45,8 32,6 - -
1957 109,5 - 84,6 7,4 - -
1958 194,4 0,2 56,4 21,6 0,8 -
1959 260,2 1,4 17,7 33,1 2,6 -
1960 318,0 - 62,9 31,0 0,1 -
1961 402,2 - 38,9 49,7 0,1 -
1962 410,2 - 66,7 20,4 0,1 -
1963 390,1 0,3 23,2 13,2 0,2 -
1964 256,1 92,4 24 '3 50,0 2,7 -
1965 204 ,5 171,0 55,0 41,4 8,2 -·~-
1966 118,0 143,9 26 '3 53 ,4 15,4 -
1967 69,7 270,6 8,8 128,2 32,0 -
1968 107,8 138,1 1,4 91,0 30,3 0,1 
1969 56,1 149,2 26,8 91,7 23,3 4,9 
1970 61,8 169,3 7,9 77,9 23,7 18,2 
1971 87,6 157,3 1,7 54,2 21,6 2,0 
1972 104 ,2 235,6 1,3 56,7 20,6 15,2 
1973 62,9 259,2 1,5 55,4 30,0 42,3 
1974 .16 ,8 348,6 2,4 31,2 1,2 0,3 
1975 87,3 223, 5 1,5 72,0 23,0 0,1 
































Longhurst (1971) suggested some form of dynamic 
balance between the anchovy and pilchard populations 
and the plankton production in Cape waters, such 
that their combined biomass would equal that which 
could be supported by the planktonic food chain. 
Possible interspecific competition for food between· 
anchovy and pilchard throughout their life cycles 
has been shown by King and MacLeod (1976). These 
authors also noted that both species were initially 
zooplanktophagous but became phytoplanktophagous at 
a standard length of 80 mm in the case of anchovy 
'and at 100 mm in the case of pilchards. On the 
other hand Cushing (1969) estimated far greater 
total carbon fixation for the Benguela current 
system than for either the California current or 
the Peru/Chile upwelling area. Using different 
upwelling centres and rates of 'movement in the 
water column Andrews et al (1970) came to a similar 
estimate of carbon fixation. This suggests that 
food may not be a limiting factor. However, 
feeding at the larval stage is not well understood 
and it is possible that food quality and patchiness 
of the particles may be more critical to pilchard 
than anchovy. The anchovy egg has been noted as 
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more robust and more suited to high plankton 
densities than that of the pilchard. (Anders, Sea 
Fisheries Branch, pers. comm.) 
Fecundity of pelagic fish appears to be more than 
sufficient to account for numbers of juvenile fi'sh 
(MacGregor 1968) so that larval mortality, especially 
at the yolk sac absorbtion stage when feeding first 
takes place may be a dominating feature in ye~r 
class survival. 
Stock Assessments. 
The study of interaction aµd management of the 
stocks requires annual estimates of stock size. 
Methods of assessment used in South Africa and 
South West Africa include parent stock egg-
production relationships, aerial and acoustic 
surveys, analysis of catch and fishing effort, 
stock-production models, and yield per recruit 
estimates. 
The parent-stock egg-production method (Nikolsky 
1969) necessitates delineating the spawning grounds 
as well as the development of reliable egg-capture 
techniques, plus the establishment of the fecundity 
of the females from which index the spawning biomass 
- 7 -
may be calculated. In addition, variation in sex 
ratios has to be taken into account in order to 
calculate the total biomass of both sexes. 
Aerial-acoustic survey methods have many inherent 
problems (Cram and Hampton 1976). These include 
the difficulty of accurately delineating the fish-
shoal from the rapidly moving aircraft, as well as 
the fact that acoustic target strength measurements 
are complicated by variation in density of the 
shoal in all dimensions, thus making representative 
sampling almost impossible. The advantage of 
aerial estimation of the stock is the speed with 
which stock size can be judged. However, several 
of the problems outlined above have yet to be 
satisfactorily resolved. 
Catch and effort assessments (Newman et al in press) 
assume that availability remains constant, a dubious 
premise for fish species whose migrational habits 
are not well understood. Should the availability 
or catchability coefficient (q) vary unpredictably 
from year to year then units of fishing effort 
would not be comparable over these periods, and 
would not be useful in the formation of abundance 
indices such as catch per unit effort (c.p.u.e.) 
- 8 -
Stock production models (Pella and Tomlinson 1969, 
Ricker 1975) postulate that a fish stock produces 
its greatest harvestable surplus.when below maximum 
abundance. The level of effort which will maintain 
this surplus can be calculated. However, q is again 
art important parameter and is often erroneously 
assumed to be constant. 
If natural mortality is variable, the concept of 
sustainable yield is not a safe one, since fishing 
effort at a particular level might in periods of 
high mortality be responsible for serious damage 
to stock. Generally natural mortality is assumed 
to be constant, an unlikely situation in a life 
cycle subject to the instabi~ities of the pelagic 
environment. 
The yield per recruit model sums the yields 
contributed by all ages of a given year-class to 
obtain the total yield. The method requires 
information on fishing mortality inflicted on each 
age group and to obtain an equilibrium yield the 
number of fish at recruitment must also be known 
(Ricker 1975). The method is generally applied 
using a constant natural mortality rate with the 
drawbacks mentioned above. 
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Until year-class strength can be measured in 
advance and the size of the recruited population 
predicted so that quotas can be appropriately 
adjusted, the fishery will have to accept either 
wide variation in yield plus the risk of serious 
damage to the stock, or a smaller more stable yield 
based on conservative quotas. 
The Management of Fish Stocks. 
One of the aims of management is to develop the 
ability to predict strong and weak year-classes of 
each species in the fishery and thus enable fishing 
effort to be distributed in such a way as to 
maintain a favourable balance in the various fish 
populations. In order to do this effectively a 
knowledge of processes governing recruitment and 
stock size is necessary. These include fecundity, 
natural and fishing mortality in the population, 
availability of the population, and population 
interactions. 
The objectives of this study were: 
(1) to estimate the South African anchovy 
and pilchard population biomasses by 
virtual population analysis (Gulland 1965) 
(2) to investigate whether the number of 
anchovy and pilchard recruits each 
- 10 -
year could be understood in terms 
of both parent stock biomasses 
(3) to investigate the dependence of 
anchovy and pilchard abundance on 
each other. 
Virtual population analysis (V.P.A.) is described 
using standard equations and developed to test the 
effect of varying natural mortality rates during 
the lifespan of the fish on stock biomass estimates. 
The abundance of each age group provided by v'.P.A. 
was used to test stock/recruit relationships and 
interactions. 
Possible annual migrations of the anchovy and 
pilchard populations are mentioned with reference 




Purse seine vessels land fish at several ports 
around the Cape coast. The landings were recorded 
by factories at which canning and meal production 
took place. Daily samples comprised a bucket of 
fish taken from the hold of a boat whose catch was 
typical of the fleet landing at that harbour. From 
these samples the species and the length compositions 
were determined and 25 fish were removed for age 
determination by personnel of the Sea Fisheries 
Branch. 
The sampling of the catch took place simultaneously 
at geographically separated harbours and thus 
length and species compositions were expected to 
differ. In order to reconcile catches to the 
sample most representative of them and thus obtain 
meaningful age compositions, the landings in each 
week were separated by locality and according to 
the species dominant at that landing. The catch 
weight of each species was obtained by splitting 
the tonnage (recorded by skipper and factory) for 
each area in each week by the species composition 
' 
of the samples taken closest to that area-week. 
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The length composition of the samples taken closest 
to this landing in time and space was also 
associated with the catch, the result was numbers 
of fish in the catch per length group. 
Catches in which more than one species occurred 
were called 'mixed', while single species catches 
were labelled 'pure'. The weight of the modal 
length group of the catch in each area-wee'k was 
used to decide whether the majority of fish in 
that group were more than 50 per cent mature (and 
therefore adult) or immature and juvenile. Numbers 
of fish were obtained for adult and juvenile catches 
in order to examine possible differences in 
distribution. These operations were carried out 
by members of the Electronic Data Processing unit 
at the Sea Fj.sheries Branch. 
'.Preparation of the Data. 
The numbers of anchovy and pilchard caught in each 
age group were obtained for virtual population 
analysis (V.P.A.) using age-length keys established 
for the South African anchovy by Pollock (1970) 
and for the South African pilchard by Baird (1970). 
Subsequent to 1971 an age-length key established 
for each year was used for pilchard. 
. \ 
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Equations representing these age-length 
relati'onships are listed below : 
(a) Anchovy 
Lt = 14,75 (l-e-0,45(t+0,717)) (1) 
where Lt is the caudal length at age t in ems 
Ln = 1,1174 Lt + 0,6017 (2) 
where Ln is the total length at age t in ems 
and 
= (3) 
where Wn is the weight at age t in grs 
Pollock (1970) 
(b) Pilchard 
= 30 , 60 (l-e-0,2247(t+l,505)) ( 4) 
where Lt is the total length at age t in ems 
(5) 
where Ln is the caudal length at age t in ems 
and 
= 0,00957 L 310752 n ( 6) 
Baird (1970) 
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The fishing season extends from January 1st to 
August 31st in most years, (this has been subject 
to changes on several occasions) and both anchovy 
and pilchard spawn from September at least through 
February so that catches of each age group may be 
assumed on average to be half way toward their 
next birthday. Length at age was therefore 
calculated at t = 0,5; 1,5; 2,5 and so on 
representing the ages O, 1, 2, etc. Similarly 
therefore Wn represents the weight calculated for 
fish midway between age groups. The numbers of 
anchovy and pilchard calculated in each age gro~p 
in the catch are shown in tables II and III. 
Parameter Estimates. 
The importance of the .natural mortality rate 
assumptions for V.P.A. has been mentioned. Growth 
and mortality of the South African anchovy were 
studied by Pollock (1970). The number of fish 
caught in each age group during 1964 when fishing 
mortality can be assumed to have been low, was used 
to calculate natural mortality (M). This was possible 
because the 12,7 mm net, the only gear which captured 
anchovy effectively, was only partially introduced 
and the rate at which the number of fish decreased 
in the fully selected age groups could be equated 
with M. 
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.An instantaneous M value of o,8 was thus obtained. 
Tagging experiments (Newman 1970) suggested a 
maximum natural mortality of 0,6 for the pilchard, 
and this value was therefore selected as an upper 
limit. .An M value of 0,5 was used as a conservative 
estimate in calculations. 
The sensitivity of the estimates to variations 
around these values of M was examined and will be 
discussed in the following section. 
An estimate of the terminal fishing mortality (Ft) 
for each year-class is also necessary for V.P.A. 
calculations. Ft reflects the mortality caused by 
fishing on the oldest fish in every year-class. 
These are, for example, the four-year-olds in the 
case of anchovy (Table II). 
Ft can be obtained from the exploitation rate (u) 
defined as : 
u = 
where Z is the total mortality. 
(7) 
Ricker (1975) 
Equation (7) expresses the proportion of the total 
deaths which are due to fishing. 
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The survival rate (e-z) becomes negligible for 
fish near the end of their life span, so that the 
actual mortality rate (1 - e-z) approaches 1. 
Thus u becomes 
u = F z 
The value of equation (8) depends upon the change 
of F relative to M. Where M is assumed to be 
constant and Z increases with age, u tends toward 
1. In practice, u is often taken as being close 
to 1 and Ft calculated from (8). 
A second way of estimating Ft has been attempted; 
the hypothesis is put forward that fully selected 
(8) 
age groups in fish populations have F values that · 
tend toward an asymptote with increasing age. 
Ft is therefore chosen to minimize the difference 
between the assumed value of Ft and the fishing 
mortality in the year class during the previous 
year. During the period 1967-1970, fishing effort 
remained relatively stable, and therefore this 
period was used in the calculation. Trials with 
a series of Ft values indicated that an exploitation 
rate (u) close to 0,7 was appropriate for both 
anchovy and pilchard po~ulations using this method. 
This method was adopted because the u result was 
not very different from the·u assumption considered 
earlier. 
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The sensitivity of the population estimates to 
variations of Ft was examined and will be discussed 
in the following section. 
In some year-classes older fish are not represented 
among the catches, and it is necessary to estimate 
Ft for younger age groups. In these cases it is 
less realistic to assume a high rate of exploitation 
and Ft was estimated using the average of the same 
age group over several earlier years. This method 
was suitable for the anchovy population where 
availability and fishing effort were reasonably 
constant over the period used to estimate the 
average. 
In the case of the pilchard, however, the 
availability of the population appeared to change 
substantially during 1974-1976. Ft values were 
therefore assumed to be equal to those of 1965 
when a catch per unit effort, and presumably 
abundance, similar to that for 1976 was recorded 
for all species and the catch of pilchard was of 
the same order as that in 1965. If there is a 
period when effort directed toward a species remains 
stable, average F values during this period may be 
used to estimate Ft values in the current year by 
adjusting F to take account of changes in effort 
(Newman et al 1976). 
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TABLE II 
NUlVIBER OF ANCHOVY CAUGHT ( IN MILLIONS) PER AGE CLASS 
.. 
YEAR 0 1 2 3 4 ' 
1964 4 113 3 692 1 032 265 2·6 
1965 6 113 5 888 2 552 847 107 I 
1966 17 472 3 755 876 263 24 
1967 31 844 8 111 1 300 518 104 
1968 13 353 4 810 702 227 42 
1969 18 344 4 314 612 158 20 
1970 24 598 4 523 830 209 27 
1971 12 823 5 464 1 192 485 70 
1972 10 108 7 417 1 619 656 121 
1973 24 988 5 932 538 53 -
1974 19 260 12 501 1 990 322 9 
1975 26 390 5 657 1 500 302 11 




NUlVlBER OF PILCHARD CAUGHT (IN MILLIONS) PER AGE CLASS 
YEAR 0 1 2 3 4 5 6 7 8 
1950 4 64 176 222 146 24 1 
1951 5 44 210 280 169 27 1 
1952 1 4 20 224 475 436 206 23 1 
1953 4 27 87 337 391 175 19 
1954 21 204 281 132 9 
1955 22 261 403 187 12 
1956 4 9 45 140 225 134 11 
1957 3 ·63 174 290 271 123 18 
1958 113 1 071 651 208 59 6 
1959 2 27 413 1 719 927 156 9 
1960 1 15 323 1 714 1 300 291 17 
1961 2 77 827 1 903 847 102 1 
1962 1 163 1 305 1 651 768 140 
1963 16 178 839 1 234 1 528 682 93 1 
1964 1 13 252 1 081 918 264 21 
1965 235 129 318 1 027 599 15~ 15 
1966 370 74 55 405 412 151 17 
1967 3 623 813 108 156 56 7 
1968 4 307 643 159 354 198 44 3 
1969 2 558 326 204 255 54 7 
1970 1 632 421 193 357 60 3 
1971 4 489 682 164 297 88 8 
1972 1 317 687 204 202 216 77 13 
1973 2 244 13 180 190 27 . 1 
1974 0 47 17, 51 56 20 4 
1975 2 432 -433 186 188 104 36 1 
1976 19 435 1 225 738 124 12 
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VIRTUAL POPULATION ANALYSIS 
Method and Standard Equations. 
The equations developed form a summary of existing 
techniques. The use of the term virtual population 
analysis has been ambiguous in the literature, 
because the analysis has been modified since its 
introduction. 
A virtual population was defined by Fry (1949) as 
"the sum of the fish belonging to a given year-
class present in the water at any given time, that 
are destined to be captured in the fishery in that 
and all subsequent years". This sum of catches 
from a particular year-class is a minimum estimate 
of its abundance at that time and has also been 
referred to as the utilized stock. (Ricker 1975) 
Some workers have used the catch of an age group 
plus Fry's virtual population as defined to estimate 
u. This gives -a rate which is higher than the true 
rate o.f exploitation because the virtual population 




where x0n is the catch of age n in year-class x 







The true value of u is calculated as the proportion 
of the cohort caught in any year. This is smaller 
than u (max) as the number of fish caught 
subsequently from a year-class xvn must always be 
less than the total number in the class, so that 
xcn < xcn u = xNn xvn (10) 
where xNn = xvn + the fish destined to die 
naturally 
The number of fish caught can be expressed as the 




Beverton and Holt (1957) 
where xFn = the fishing mortality of fish of 
age n in year-class x 
and x2n = the· total 'mortality of fish of' age 





Further, the number of fish in year-class x 
remaining in the population at the end of year n 
can be found from its original size and the total 
mortality : 
- z 
N x n+l = 
N (e x n) 
x n (13) 
Gulland (1965) argued that the fishing mortality in 
any year could be calculated from the ratio of (12) 
and (13) as 
= 
- z 
xFn(l-e x n) 
- z x n Z • e x n (14) 
Equation (14) can be solved by interation. The 
,equations (12) and (14) are used successively until 
the cohort size of each age of every year has been 
obtained. 
For example the 1966 year-class of the South African 
pilchard may be summarized as : 
Year 1966 1967 1968 1969 1970 1971 1972 1973 
Age 0 1 2 3 4 5 6 7 
Number 
of fish 370 813 , 159 255 60 8 1.3 0 
caught 
(X 106 ) 
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Assuming an exploitation rate of 0,72 (see results) 
and a natural mortality of 0,5, Ft is calculated as 
1,28 (equation 8). Using equation (12), the number 
of six year old fish in the population is equal to 
= 1,78 • 13 




(F+0,5).e-(F+0, 5 ) 
= 22 
The value of F is thus 0,256. The number of five 
year olds in the population can then be estimated 
using the calculated value of Fin equation (14). 
It is not possible to estimate fishing mortality 
using equation (14) for age groups which are not 
represented in the samples and it is assumed that 
all deaths occurring at this age in the year-class 
were natural so that 
= 
+IVI 
xN (n+l) • e (15) 
Virtual population analysis (V.P.A.) has been 
adapted for simple solution in populations having 
low natural mortality by Pope (1971). Pope called 
his method cohort analysis. In general, cohort 
analysis is applicable to populations with a natural 
- 24 -
mortality not exceeding 0,2. The South African 
pelagic fish populations that are dealt with here 
are believed to have natural mortalities higher 
than 0,2 (Newman 1970, Pollock .1970) so that Pope's 
method will not be discussed. 
Results and Sensitivity Tests. 
I 
The F values calculated (from equation 14) and the 
Ft value assumed are recorded for the anchovy and 
pilchard populations in Tables IV and v. 
The sensitivity of estimates to the value of Ft on 
the population result depends upon the degree of 
fishing mortality accumulated by the year-class. 
For constant va,lues of M, the higher the accumulated 
fishing mortality the less effect of an erroneous 
Ft value on the population estimate. The population 
estimate of a species for wh~ch many age groups 
appear in the catch is therefore likely to be less 
sensitive to Ft assumptions than one whose appearance 
in the catch is of short duration. This is demonstrated 
for the anchovy and for the pilchard populations in 
Tables VI and VII. The differences in the population 
sizes for both populations are shown to be generally 




CALCULATED FISHING MORTALITY SOUTH AFRICAN ANCHOVY 
(NATURAL MORTALITY= 0,8). 
AGE 
YEAR 0 1 2 3 4 
1964 0,164 0,384 0,454 0,715 2, 047 
1965 0,306 0,790 1,160 2,661 2, 047 
1966 0,566 0,651 0,519 0,723 2, 04 7 
1967 1,015 1,380 1,156 1,785 2,047 
1968 0,4 75 0,905 0,890 1,710 2, 04 7 
1969 0,617 o, 569 0,555 1,223 2,04 7 
1970 0,795 0,631 0,404 0,810 2, 04 7 
1971 0,463 0,908 0,720 0,979 2,04 7 
1972 0,333 1,275 2,330 )9 2,04 7 
1973 0,529 o, 701 0,570 1, 245 2,047 
1974 0,669 1,345 1,310 2,515 2' 04 7 
1975 0,692 0,945 1,406 2,093 2, 04 7 
1976 0,630 0,997 1,095 1,951 2, 04 7 
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TABLE V 
CALCULATED FISHING MORTALITY SOUTH AFRICAN PILCHARD 
' 
(NATURAL MORTALITY = 0,5). 
AGE 
YEAR 0 1 2 3 4 5 6 7 8 
1950. 0,028 0,155 0,517 
1951 0,018 0,164 0,563 0,680 
1952 0,005 0,099 0,383 0,900 2,030 3,051 1,279 
1953 0,010 0,041 0,296 0,965 .2,481 3,4 74 1,279 
1954 0,013 0,176 0,631 2,036 2,834 1,279 
1955 0,019 o, 313 0,937 2,386 3,467 1,279 
1956 0,043 0,220 0,719 1,755 3,477 1,279 
1957 'o, 010 0,109 0,614 1,388 2,291 4,805 1,279 
1958 0,010 0,337 1,146 2, 68:3 4,559 1,279 1,279 
1959 0,002 0,035 0,302 0,823 1,770 2,739 1,279 
1960 0,001 0,037 0,276 0,571 1,063 1,877 1, 279 . 
1961 0,011 0,172 o,838 1, 588 4,766 1,279 
1962 0,031 0,345 0,916 1,841 4, 346 1,279 
1963 0,005 0,036 0,195 0,486 1,430 3, 041 4,511 1,279 
1964 0,006 0,089 o, 599 1,353 2,149 4, 231 .1, 279 
1965 0,096 0,089 o, 283 0,924 1, 305 1,588 1,279 1,279 
1966 0,095 0,054 0,068 1,096 2,84 7 6,184 1,249 
1967 0,573 0,437 0,144 0,389 0,626 0,672 1,279 
1968 0,723 0,260 0,196 1,544 2, 508 4, 864 1,279 
1969 0,701 0,146 0,169 0,821 2,287 1,279 1,279 
1970 0,398 0,329 0,166 0,736 0,688 1,999 
1971 0,952 0,411 0,289 o, 597 0,587 0,256 1,279 
1972 0,478 0,525 0,290 1,068 2,507 6,377 1,279 
1973 0,319 0,011 0,357 o, 712 0,556 0,116 1,279 . 
1974 0 1 0,013 0,023 0,225 0,698 1,964 1,279 
1975 0,252 0,052 0,091 0,524 1~620 3,770 1,279 




CALCULATED ANCHOVY BIOMASS FOR VARIOUS FINAL 
EXPLOITATION RATES (U) metric tons . (X 103) 
(NATURAL MORTALITY = 0,8) 
u 
YEAR 0,5 0,7 0,9 
. I 
1964 328 306 297 
1965 325 306 298 
1966 303 289 283 
1967 358 343 338 
1968 265 246 238 
1969 307 287 280 
1970 341 326 321 
1971 305 295 291 
1972 297 290 288 
1973 375 370 368 
1974 389 384 382 
1975 337 332 330 
1976 314 309 307 
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TABLE VII 
CALCULATED PILCHARD BIOMASS FOR VARIOUS FINAL 
EXPLOITATION RATES (U) 








1956 1 050 
1957 1 520 
1958 1 890 
1959 2 070 
1960 1 980 
1961 1 730 
1962 1 390 
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1 520 1 510 
1 890 1 890 
2 040 2 040 
1 940 1 940 
1 700 1 700 
















Pope (1971) showed that for a cumulative F of 2,0 
for a stock with a natural mor.tality of 0,2 
overestimating the terminal fishing mortality (Ft) 
by 100 per cent gave an error in the population 
of almost -7 per cent and an error in other F 
values of +7 per cent. On the other hand, 
underestimating Ft by 50 per cent under the same 
conditions led-to a percentage error in the 
population of +14 per cent and ah error of -12 
per cent in other F values. The bias in F caused 
by incorrect choice of Ft was greatest amongst 
older age groups. 
Anchovy and pilchard population sizes were 
calculated using constant M values of 0,8 and 
0,5 respectively. The number of fish in the 
population (calculated from equation 12) are 
shown in Tables VIII and IX for anchovy and pilchard 
stocks respectively. Total population biomass 
estimates are given for the respective populations 
in Tables X and XI. 
The anchovy population showed little trend over 
the years considered, the biomass remaining in the 
region of 350 000 metric tons, with a peak in 1974 
of 384 000 metric tons. The pilchard increased · 
greatly from less than one million metric tons to 
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over two million in 1959. This biomass, which was 
largely made up of young fish preceded the record 
catches in 1962 of over 400 000 metric tons. 
Unfortunately regular landings of anchovy were 
not made before 1964, thus one cannot compare 
biomass estimates of the two populations during 
an important phase when pilchard abundance was at 
a peak. 
Total biomass estimates of the maasbanker (horse 
mackerel), mackerel and red-eye species are 
included in appendix 3. Unfortunately the data 
series for these species is incomplete. The 
maasbanker occur irregularly in the pelagic 
landings, and were caught only in small quantities 
after 1962 making the data unfit for V.P.A. The 
mackerel were not sampled for length frequency 
prior to 1964 so that age distributions and V.P.A. 
estimates cannot be made. Red-eye were landed in 
small amounts before 1964 and were also not 
sampled for length frequency. 
Studies on the error introduced in V.P.A. due to 
uncertainties in the natural mortality and 
sampling error in the catch has been carried out 
by Agger et al (1971) and by Pope (1971). The 
errors were directly calculated by choosing 
different values of M, though M was always assumed 
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constant within the year-class. A similar 
sensitivity analysis was conducted on the South 
African hake (Merluccius capensis) results of which 
are contained in a publication included as appendix 
1. Likely limits to the natural mortality of 
anchovy and pilchard are also tested and presented 
in Tables X and XI. 
These results showed that an increase from 
M =,0,8 to M = 0,9 (12,5 per cent in natural 
mortality rate) on the anchovy population led to 
a similar increase in the biomass estimate. The 
increase was consistent over all years, suggesting 
an unchanging rate of exploitation in the fishery 
(see Table X). On the other hand an increase of 
20 per cent in the natural mortality rate of the 
pilchard (from M = 0,5 to M = 0,6) led to increases 
in the biomass estimates of between 15,4 per cent 
in 1971 when the weighted fishing mortality (F) 
was at a maximum of O, 78 to 40,4. per cent in 1956 
when F was at a minimum of 0,02 (see Table XI). 
The operation of a fishing season has been 
mentioned. This could affect V.P.A. estimates as 
the Beverton and Holt catch equation (12) is based 
on evenly distributed fishing and natural mortality 
throughout the year. However, Ulltang (1976) has 
shown that the degree of error involved in V.P.A. 
i 
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when fishing effort is restricted to a particular 
fishing season is generally negligible. 
TABLE VIII 
CALCULATED ANCHOVY NUMBERS IN THE POPULATION 
(IN MILLIONS) (NATURAL MORTALITY = 0,8) 
AGE 
YEAR 0 1 2 3 
1964 39 100: 16 400 3 990 719 
1965 33 000 14 900 5 020 1 140 
1966 56 600' 10 900 ' 3 040 707 
1967 68 ooo· 14 400 2 560 812 
1968 49 800 11 100 1 630 362 
1969 .55 600' 13 900 2 010 301 
1970 61 goo 13 500 3 540 519 
1971 48 800 '12 600 3 220 1 060 
1972 50 800 .13 800 2 270 704 
1973 85 300 16 400 1 730 99 
1974 55 000 22 600 3 650 441 
1975 73 400 12 700 2 640 442 
















CALCULATED BIOMASS OF PILCHARD AT DIFFERENT VALUES 
OF NATURAL MORTALITY (U = 0,7) (metric tons x 103) 
M 
YEAR 0,4 0,5 0,6 
1950 633 910 1 280 
1951 696 926 1 260 
1952 663 860 1 140 
1953 551 712 941 
1954 494 637 841 
1955 560 736 994 
1956 760 1 040 1 460 
1957 1 120 1 520 ' 2 110 
1958 1 440 1 890 2 550 
1959 1 600 2 040 2 660 
1960 1 560 1 940 2 430 
1961 1 410 1 700 2 080 
1962 1 170 1 370 1 640 
1963 861 989 1 150 
1964 525 5'98 690 
1965 340 382 436 
1966 210 243 286 
1967 220 259 310 
1968 245 286 343' 
1969 203 241 292 
1970 200 235 280 
1971 223 254 293 
1972 163 189 224 
1973 164 203 254 
1974 282 350' 435 
1975 485 550 626 I 
1976 507 529 552 
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Variable Natural Mortality Trial. 
In the literature natural mortality is considered to 
be constant throughout the life history of fish. 
However, Deevey (1947) examined the trend of natural 
mortality with age for a variety of animals. Common 
to all was a downward trend in mortality during the 
juvenile to sexual maturity stages. Equally there 
was generally an upward trend in mortality amongst 
older animals. Density dependent natural mortality 
has also been suggested for some species by Cushing 
(1975) and others. In addition, increasing mortality 
beyond a critical age has also been suggested, Greer-
Walker (1970). 
It is improbable, therefore, that natural mortality 
is constant throughout the life of anchovy and 
pilchard, and an attempt has been made here to develop 
the V. P.A. technique to include a variable M value. · 
An intuitive series of M values for each age group 
along the lines mentioned above were tested. Actual 
values chosen are shown on Table XII. The mean M 
was held constant at 0,5 while M values for young 
and old fish we·re raised and M values for fish in 
the middle age groupswerelowered, using the South· 
African pilchard as an example. The results were 
II 
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recorded as the percentage change in the population 
biomass for the periods 1959/1962 when fishing 
effort was reasonably stable at a low level and for 
the period 1968/1971 when effort was stable at a 
higher level (Table XIII). The modified values 
represent an increase of up to 80 per cent on the 
youngest and oldest groups and a decrease of up 
to 60 per cent on middle aged groups. 
The result of varying M depends on the age groups 
dominant in the catch relative to the virtual 
population of their respective year-classes. 
Table XIII shows that trials 1-3 (Table XII) 
resulted in a greater change during 1959/1962 
than 1968/1971. The preponderance of middle aged 
fish in the catches during the earlier period 
accounts for this result. 
During 1968/1971 fish less than one year old 
predominated in the catches (Table II) nevertheless 
all trials led to a reduction in biomass. This 
reflects the smaller contribution of recruit biomass 
to the total. The intuitive series of M values 




NATURAL MORTALITY VALUES ASSUMED AT EACH AGE GROUP 
IN TRIAL V.P.A. OF SOUTH AFRICAN PILCHARD 
AGE 
TRIAL 0 1 2 3 4 5 6 7 
1 0,7 0,5 0,4 0,4 0,4 0,4 0,5 0,7 
2 o,8 o,6 0,3 0,3 0,3 0,3 o,6 o,8 
3 0,9 0,7 0,2 0,2 0,2 0,2 0,7 0,9 
TABLE XIII 
CALCULATED PILCHARD BIOMASS USING VARIABLE NATURAL 
MORTALITY (metric tons x 103) AND PERCENTAGE CHANGE 
COMPARED WITH CONSTANT VALUE 
1959/1962 1968/1971 
TRIAL AVERAGE % CHANGE AVERAGE % CHANGE BIOMASS BIOMASS 
1 1 518 -13,9 238 -6,1 
2 1 338 -24,1 230 -9,5 
3 1 198 -32,l 224 -11,7 
CONSTANT 1 763 254 
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Agger et al (1971) also examined the effect of 
standard deviation in catches. The result was 
approximately ha1f the equivalent standard 
' . 
deviation of fishing mortality. Similarly the 
variance in the population with respect to that 
of the catches depends upon the fishing mortality 
per year and the number of years of exploitation. 
The greater the exploited life of the species the 
less sensitive the population result would be to 
variance in the catches. 
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RECRUITMENT 
Method and mechanisms. 
Recruitment is the process in which young fish enter 
the exploited area and become liable to contact with 
the fishing gear (Gulland 1965). The definition 
emphasizes the- part played by the behaviour of the 
fish, shoaling, migrations and distribution, all 
making the species more or less liable to capture. 
By contrast the nature of the gear governs the size 
of fish captured and is referred to as selectivity. 
Locational devices allowing fish to be detected and 
caught by both day and night also change the pattern 
of selectivity. 
The process of selection is usually gradual, with an 
increase in vulnerability of members of a year-class 
over a period of two or more years. This is known 
as continuous selection. However, the event may 
take place over a shorter period, approaching the 
theoretical knife-edge type recruitment, whereby fish 
at a given age become vulnerable at a particular time 
in a given year and remain equally vulnerable. 
In 1965 the full scale introduction of a new purse-
seine net changed the pattern of recruitment in the 
South African pilchard fishery to one more like the 
knife-edged kind, because the largest number of fish 
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in the catches of both anchovy and pilchard are 
\ 
often not yet one year old. Juvenile fish move 
into the fishing grounds and are liable to contact 
with the fishing gear at a given age, as described 
in the section on migration. 
The two most commonly considered descriptions of 
the stock/recruitment relationship are : 
(1) 
(2) 
R = aPe-bP 
where R =number of recruits 
P = size of parental stock 
and a & b are constants 
R = p 
IW + K 
where W and K are constants 
(16) 
Ricker (1975 ) 
(17) 
Beverton and Holt (1957) 
Both relationships endeavour to describe the 
replacement of a parental population, but·under 
different biological situations. The Ricker model 
is more appropriate when cannibalism of young by 
... 
adults is an important regulatory mechanism or when 
density inhibits growth through a crucial phase, or 
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when there is a time lag in the response of a 
predator to the abundance of young fish it consumes. 
This can be understood from the form of the curve 
(Fig. 1) showing the theoretical stock/recruit 
relationship. The initial steep rise is suitable 
.for a period of unhindered increase in recruitment 
proportional in a direct manner to the population 
size. Subsequently the recruits are assumed to be 
subject to an exponentially increasing depressant 
effect when the crucial phase or time lag has 
elapsed. 
Lett and Kohler (1976) working with Gulf of St. 
Lawrence herring statistics confirmed Ricker's 
(1954) suggestion that density dependent mortality 
is generated by the aggregation of predators upon 
the fish larvae, and hence the more larvae the 
more predation. 
The Beverton and Holt model describes the stock/ 
recruit relationship when food or habitat is a 
limiting condition or when predation adjusts 
quickly to the amount of prey. (Ricker 1975). 
The form of the equation includes a constant (K) 
which is related to the carrying capacity of the 

































x Actual data 
- 0,025 p 
o Calculated according to R = 10,67 P.e (Ricker 1975) 
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African pilchard as an example (Fig. 2) shows 
how recruit~ are expected to change with population 
size using this model. 
Results. 
Data on the biomass of recruit and adult stock of 
anchovy and pilchard were fitted to both Ricker 
and Beverton and Holt models (equations 16 and 17) 
using the method of least squares. Data and results 
are shown on Tables XIV and XV for the anchovy and 
pilchard populations respectively. Fully mature 
anchovy were assumed to be all those fish.two years 
of age and older and fully mature pilchard as four 
years of age and older. 
Adult anchovy were considered as responsible for 
recruits in the same calendar year. 
Equation (16) gave r = 0,910 (P<0,01; 7 degrees 
of freedom) 






























x Actual data . 
6 Calculated according to R= P (Beverton and Holt 1957) 
0,023P-0,141 . 
I x . . -0,051P 
o Calculated according to R = 13.26 P.e (Ricker 1975) 
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Both models fit the observations at the one per 
cent level of significance, the probable reason for 
this being the flexible response of recruitment to 
parent stock size in the range covered by the data. 
The spread of data points and the theoretical 
curves generated by the two models are shown in 
Fig. 1. 
Fig. 1 shows that two very differently shaped curves 
are generated by the models, pointing to the 
' equivocal nature of the data and indicating that 
neither model can be selected as descriptive of 
the anchovy stock/recruit relationship. - It is 
interesting to note, however, that equation (17) 
gave a slightly better fit to the data, and if it 
were more applicable th!iit an increase in recruitment 
with reduced adult stock size would be expected. 
\ 
/ 
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TABLE "JJ1 
CALCULATED ADULT PILCHARD STOCK (FOUR YEARS AND 
OLDER) AND RECRUITS (0 YEARS OLD) 
YEARS ADULTS RECRUITS 
m.tons x io3 m.tons x 103 
1966 61,6 48,6 
1967 14,2 96,5 
1968 . 26, 2 96,5 
1969 7,0 58,6 
1970 12,7 '58,1 
1971 25,0 83,6 
1972 33,6 40,4 
1973 7,8 96,5 
1974 14,9 167,0 
The pilchard biomass data was also fitted to 
equations (16) and (17) 
(16) ·gave r~= 0,897 and (P<0,01; 7 degrees 
of freedom) 
(17) gave r = 0,946 and (P<0,01; 7 degrees 
of freedom) 
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Fig. 2 shows the form of the Ricker curve, equation 
(16), and Beverton and Holt curve, equation (17), 
when the South African pilchard data (Table XV) 
is fitted to them by a least squares procedure. 
Although (17) had a higher correlation coeffic'ient 
(r), it would not be statistically correct to 
infer that (17) showed a significantly better fit. 
In conclusion it can be said of the stock/recruit 
curves that n~ither mechanism can be ruled out, 
nor need stocks comply to either. Unfortunatly, 
, a longer data series for the anchovy population 
is not possible as prior to 1966 catches were 
sporadic or reflected the partial introduction of 
the 12,7 mm net. Similarly for the pilchard 
population mesh size changes made comparisons 
before 1966 less precise, however South African 
pilchard data over the period 1950/1974 fitted 
a Beverton and Holt curve with a correlation 
coefficient = 0,54 (P< 0,01 with 23 degrees of 
freedom). 'Neither data set can include mo~e 
recent years due to uncertainties in the V.P.A. 
technique. A longer test series Ilillst, therefore, 




There is som~ evidence that both the anchovy and 
pilchard populations take part in annual migrations. 
Data on anchovy migrations have not been published, 
but some of the evidence for these movements will 
be given here. The annual sard1ne run has been 
documented by Baird (1971) and more recently 
discussed by Crawford and Shelton (1976). The 
drop in pilchard catch after 1962 (Table I) has 
been associated with definite distributional 
changes. (Centurier-Harris and Crawford 1974) 
These changes amount to a shift in the bulk of 
the adult pilchard catches from the west coast to 
a more southerly and warmer region east of the 
Cape of Good Hope. 
The change in distribution of adult pilchard stock 
parallels one that occurred in the Californian 
system during the 1950' s. Before the co.llapse 
of the pacific sardine, the fishery extended from 
Baja California into the Pacific North west, this 
was followed by a progressive shift southward with 
the northern fishery disappearing completely after 
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1948. -By 1966 most landings were from the 
southern half of Baja California. 
Method of Study. 
The catch per unit effort (c.p.u.e.) was calculated 
· for each species in each area in each week of the 
year. The effort was stated in standard boat days 
for that area-week, where the relative fishing 
power of vessels was obtained from Newman et al 
(in press). 
The effort was the total effort expended in that 
area-week, and not the effort directed toward a 
particular species as no rationale for splitting 
the effort could be decided upon. 
Both anchovy and pilchard populations form mixed 
species shoals, but larger fish of both species 
were more often caught in pure shoals east of 
Cape Point to which area spawning has largely 
been confined since 1967 (Anders, Sea Fisheries 
Branch, pers. comm.) Juveniles, often in mixed 
shoals were more common on the west coast. For 
this reason c.p.u.e. was calculated for different 






The catch per unit effort figures show that catches 
of young anchovy and pilchard are made in the north 
during late summer and progressively southward as 
the season continues. This suggests that juveniles 
find their way northwards after being spawned in 
the south, returning to complete the cycle. 
By analogy, a northward movement in juvenile 
pacific sardine has been noted. "These northward 
movements occur during the summer months, and a 
return southward takes place in late fall and 
winter •••••• "Clarke (1952). 
The distributional change in shoal type of anchovy 
and pilchard during the period 1965/1976 is 
illustrated by the proportion of the catch made 
west of Cape Point. This is reflected in Figs. 
3 and 4 respectively. 
The proportion of adult anchovy and pilchard 
catches made on the west coast decreased markedly 
over the period 1965/1976. Conversely, juveniles 
of both species occurring in mixed shoals on the 
west coast did not show a similar decline. 
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Indications are therefore that anchovy and 
pilchard recruitment occurs on the west coast 
independently of the location of the adult stock. 
This confirms the c.p.u.e. result and may indicate 
a migration of larval or juvenile fish to the west 
coast. 
The extent to which these movements are passive 
drifts is not clear. The June/July sardine run 
on the Natal coast coincides with a strong counter-
current flowing northward. On the west coast 
juvenile fish probably move passively northward 
in the Benguela current soon after spawning 
(L. Hutchings, Sea Fisheries Branch, pers. comm.) 
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INTERACTION BETWEEN ANCHOVY AND PILCHARD 
POPULATIONS 
Method of Study. 
According to the V.P.A. results of a previous 
section, the pilchard biomass was greatest in 
1959, when it exceeded 2 million metric tons. 
The size o~ the.anchovy population prior to the 
introduction of the 12,7 mm mesh net (in 1964/1965) 
cannot be quantitatively deduced as anchovy did 
not appear regularly in the catches. Blanket net 
samples, however, showed that anchovy larvae 
appeared to be more abundant than pilchard larvae 
in the years 1961/1965 (Stander and Le Roux 1968). 
It is unfortunate that the abundance of both species 
cannot be compared through the period of greatest 
change, however, after the full scale introduction 
of the smaller 12,7 mm net the pilchard population 
continued to fall whereas anchovy recruitment 
remained steady or· showed a slight tendency to 
increase after 1965 (Fig. 5). 
Environmental data series comparable with historical 
anchovy and pilchard biomass data have not yet been 























-0- --0, , ,,. ', .. .. ' 
," ', _o- ' 
,o 'o----, 
I 
o, ____ o,'' 
.it '~Pilchard Total 















64 65 66 o7 68 69 70 71 72 73 74 75 76 
YEARS 
































, , , 
>1 I( Pilchard Adults (3-7yrs) 
o----0Anchovy Adults (l-4yrs) 
,o' 













64 65 66 67 68 69 70 71 72 73 74 75 76 
YEARS 




- --r--~~, j iii 11• -.-,-,-,.-,c·· n I • ·-. ,,_ I li.1'·. t.···-'·i ... jj.C. ... -::·~::: r~ 
- 59 -
thus been confined to various age groups of the two 
stocks which for the purposes of discussion are 
postulated as competitors. 
Three mechanisms might account for the trends in 
anchovy and pilchard population size: 
(1) The abundance of anchovy and pilchard 
might be determined by the effect of 
fishing effort on the density dependent 
processes of reproduction 
(2) The anchovy population might be a more 
efficient competitor or have greater 
resilience to fishing pressure and 
environmental factors than the pilchard 
population 
(3) The abundance of both species might 
vary due to different responses to the 
same environmental conditions 
(1) According to Murphy (1966) "In all sardine 
populations that have been studied, there is 
clear evidence of large fluctuations in year-
class size. These seem unrelated to spawning 
stock size, and, therefore,, are almost 
certainly a function of the environment." 
60 
The environmental factors responsible for the 
variations in reproductive success are not 
/ 
known. However, a species whose reproductive 
processes are greatly, affected by hydrological 
conditions can be more easily over-fished than 
one whose reproductive success is more related to 
density dependent processes, such a species can 
also increase rapidly in abundance. 
Landings of pilchards in South Africa which 
drop~ed 10-fold from 400 000 metric tons in 1961 
and 1962 to 41 000 metric tons in 1973 and 16 000 
metric tons in 1974, increased to over 160 000 
metric tons during 1976, the highest level in 
11 years. 
V.P.A. indicates that a good year-class of pilchards 
was entering the fishery in 1974 when no 0 year old 
fish were recorded in the catches and effort had not 
been reduced (Tables III and IX). In addition the 
abundance of anchovy has remained steady and apparently 
independent of fishing effort since 1964 (Table X). 
These results indicate fishing effort has not been 
dominant in determining the abundance of these two 
populations. 
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(2) Stander and Le Roux (1968) suggest that the 
South African pilchard and anchovy have a 
common ecological niche and state that "As 
the two species compete among others, for a 
common food supply, there is presumably an 
equilibrium between the respective populations, 
which is liable to be disturbed by external 
factors such as the continued high rate of 
exploitation and reduction in numbers of one 
of them." 
' 
If the anchovy population had shown a stronger 
response to environmental conditions such as 
food quality or patchiness, as well as to 
fishing effort, an increase in abundance 
concomitant with a decline of the pilchard 
population might have been expected. 
Murphy showed that the reduction of the 
sardine population off California to one tenth 
of its former s1ze was an important event in 
the food chain. This conclusion was reach$d 
after the total calorific need of the pilchard 
for growth •and respiration had been estimated 
from the standing crop of fish and the mean 
energy consumption. The total calorific 
requirement per annum was found to be equivalent 
to about 3,5 times the standing crop of 
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zooplankton, which even allowing for a 
reasonable import of additional food through 
advection represented a considerable proportion 
of the possible turnover rate of zooplankton in 
the California current area, thought to be no 
greater than 5 times per year. 
The reduction of the pilchard population in 
Cape waters was of the same order, and was 
probably of similar importance in the economy 
of the Cape trophic system. 
There is, however, little evidence to suggest 
that the anchovy-population was responsible 
for or responded to the decline in pilchard 
abundance (Fig. 6). 
In particular there· is no evidence of unusually 
strong anchovy recruitment during the years 
1964/1972 when it might have been expected 
(Fig. 5). 
(3) Environmental changes have been shown to have 
a direct bearing on a·Southern African pelagic 
ecosystem : 
Stander and De Decker (1969) observed an 
anomalous physical condition in South West 
Africa during 1963, which resulted in marked 
faunistic changes. The changes were 
chacterized by a disruption of the annual 
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temperature pattern which had an impact on 




Southward et al (1975) reasoning that a large 
part of the solar energy budget is mediated 
through the surface of the oceans have analysed 
sea temperatures in the English Channel and 
various biological measurements in the vicinity.· 
Major cycles in mean surface temperatures of 
the order of 10-11 years were found using a 
5-year running average. These show close 
agreement with curves depicting sunspot number. 
Biological data indicated the presence of similar 
11 year cycles, in such features as the number of 
pilchard eggs, the catch of demersal fish, and 
the proportions of barnacle species in the 
int-ertidal ·zone. 
Fluctuation.s and large scale changes in marine 
organisms have been shown by several authors. 
Reid (1975) has investigated phytoplankton 
changes in the North Sea, and Coomb (1975) has 
worked with larval fish abundance in the same 
area; both authors found a change in the waters 
of the North Western Atlantic during 1965/1967 
which it is believed might have affected most 
pelagic organisms. The widespread pattern of 
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change probably had its origin in climatic 
events but these were not established. 
Long term trends in South African pelagic fish 
. 
population biomass are not available. However, 
guano production records have been made since 
the beginning of the century. Guano production 
after 1950 showed good correlations with pilchard 
biomass suggesting that guano production may be 
an index of the abundance of fish avaliable to 
the birds (Crawford and Shelton in prep.) 
Although not definitive some indication of long 
term cycles in guano production is evident. 
Anchovy and pilchard probably have very similar 
food requirements (Davies 1957; King 1976). 
Anchovy were found to change from zooplanktophagous 
to phytoplanktophagous feeding at a standard length 
CD.f 80 mm whereas pilchard made ~he same change at 
100 inm standard length. This suggests that if the 
anchovy is a more efficient competitor for food 
changes in abundance are a subtle response to the 
quality or patchiness of the food. Reproductive 
efficiency may also be influenced by changes in 
hydrological conditions. 
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Of the three hypotheses discussed above, the first 
seems to be the least applicable. The anchovy 
population has proved to be remarkably unaffected 
by the effort directed towards it. Annual landings 
of anchovy have remained over 200 000 metric tons 
since 1971, while the population size over the same 
period is estimated by V.P.A. to be approximately 
300 000 metric tons. Pilchard landings have 
fluctuated sharply in the face of continually 
increasing fishing effort as noted above. In order 
to establish which of the three hypotheses is the 
most likely, factors affecting the biomass need to 
be compared in a quantitative way. 
Regression Analysis. 
A multiple linear ·regression analysis was used to 
determine whether the variation in abundance of 
the anchovy and pilchard populations can be 
understood in terms of the stock sizes and total 
fishing effort. 
V.P.A. estimates the abundance of a stock at each 
age group, and the abundance of age groups of each 
species may be compared in the same year or between 
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successive years. 
The more factors that are contained within a test, 
the greater the chance of including effective ones, 
but the longer the series necessary to establish the 
correlation between them. To overcome this difficulty 
a step wise multiple linear regression was used. 
' Using this method only those variables which explain 
the variance of the dependent variable to· a specified 
extent are retained in the analysis. 
Factors can be separated in a step wise multiple 
regression showing the order in which they contribute 
to the variance of the dependent variable. This is 
valid even if the factors are not .independent of 
each other. (Snedecor and Cochrane 1972) 
Care is necessary when deducing casual relationships 
from correlations. In these cases a third undetected 
factor may be responsible for the apparent asso.ciation. 
On the other hand when there is a large variability of 
unknown origin multiple regression separates the 
components quanti tativ.ely so that residual error is 
reduced. 
Three step wise multiple linear regressions were 
carried out : 
(1) In a preliminary investigation the total biomass 
\ 
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of pelagic species were compared during the 
period 1964/1975; the pilchard biomass was 
.regressed against that of anchovy, red-eye, 
mackerel and the total biomass of these species 
including maasbanker which occurred irregularly. 
Total fishing effort was included in the 
regression. 
(2) The hypothesis that the biomass of anchovy and 
pilchard populations are independent was tested. 
Anchovy biomass was regressed against the biomass 
of various age groups of the pilchard population, 
as well as.total fishing effort. 
(3) The anchovy biomass is largely comprised of fish 
less than 1 year old. The effect of a previous 
years pilchard stock on anchovy recruitment was 
therefore tested in a multiple regression of the 
same form as (2). 
The calcualtions were carried out on a UNIVAC model 
1100 computer using STEPREGI, a :program dev·eloped by 
Madison Computing Centre. 
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Results. 
(1) The first regression had the form 
PB = mAB + nRB + rlVIB + sTB + pEFF + qY + c 
where PB = biomass of pilchard 
AB = biomass of anchovy 
RB = biomass of red-eye 
lVIB = the biomass of mackerel 
TB = the total biomass including maasbanker 
EFF = the total fishing effort 
y = the year of the estimate and 
m,n,r,s,p,q, and c = constants 
The data used for analysis and the results are 






DATA FOR REGRESSION OF PILCHARD BIOMASS ON ANCHOV~, 
RED-EYE, MACKEREL AND TOTAL BIOMASS ESTIMATED USING 
V.P.A. (metric tons x 103) AND TOTAL FISHING EFFORT 
(Standard boat days x 102) 
PILCHARD ANCHOVY RED-EYE MACKEREL TOTAL EFFORT YEAR 
PB AB . RB MB TB EFF Y 
598 314 22 83 419 55 1964 
382 306 35 60 403 96 1965 
243 289 48 144 489 81 1966 
259 343 58 251 666 121 1967 
286 246 52 201 500 111 1968 
241 287 47 160 496. 103 1969 
235 326 62 108 500 111 1970' 
254 295 57 89 473 101 1971 
189 290 50 103 446 131 1972 
203 370 43 101 518 122 1973 
350 384 25 84 507 87 1974 
550 332 35 92 459 103 1975 
316 315 45 123 490 102 1970 
17 654 1 483 165 3 145 4 371 425 13 
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TABLE XVII 
DETAILS OF MULTIPLE LINEAR REGRESSION OF TOTAL BIOMASS 
SOURCE OF VARIANCE 
AB RB MB TB EFF y c 
Regression 
Coefficient 2,15 -2,17 2,50 -2,35 -3, 06 . 5 ,40 -9 741 
Std. error of 
Regression 5, 31 9,27 4, 84 4,83 3,36 15,03 29 386 
Coefficient 
Partial 
Correlation 0,18 -0,10 0,23 -0,21 -0,38 0,16 -0,15 
Coefficient 
T-value with 
5 degrees of 0,41 -0,23 o, 5 2 -0,49 -0,91 0,36 -0,33 
freedom 
Significance 
Level 0,70 0,82 0,63 0,65 0,40 0,73 0,75 
REGRESSION RESIDUALS 
All. Significant All Significant 
Variables Variables Variables Variables 
Mean square 20 868,9 89 240, 9 13 796,9 10 495,7 
F ratio 1,51 8' 50 
Degrees of 
Freedom 6 1 5 10 
Significance 0,33 0,02 
Coefficient of 
determination 0,64 0,46 
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With all variables included in the regression the null 
hypothesis that pilchard biomass is not accounted for 
in terms of the independent variables was therefore 
accepted for the period concerned. 
When variables which did not contribute to the variance 
of the equation to a significant extent were excluded, 
only total effort was retained. However the coefficient 
of determination (the square of the multiple correlation 
coefficient) indicated that only 46 per cent of the 
total variation in pilchard biomass was explained by 
the total· effort during the 12 year period considered. 
The biological implications of these results are 
discussed in the next section. 
(2) The second regression attempted had the form 
AB = aPRB + bPMB + cPAB + dPTB + eEFF + gY + h 
where AB = anchovy biomass 
PRB = pilchard recruit biomass (0 years old) 
PMB = pilchard biomass of 1 and 2 year old fish 
PAB = pilchard adult biomass (3 years and older) 
PTB = pilchard total biomass 
EFF = total fishing effort 
y = year of estimate 
a , b , c , d , e , g , h , = constants 
The data used for analysis and the results are 
presented in Tables XVII'I and XIX. 
(19) 
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TABLE <XVII I 
DATA FOR THE REGRESSION OF ANCHOVY BIOlVIASS ON PILCHARD 
BIOMASS ESTilVIATED USING 1.P.A. (m.tons x 103) AND TOTAL 
FISHING EFFORT (standard!boat days x 102) 
ANCHOVY PILCHARD EFFORT YEAR 
AB .PRB PMB ·PAB PTB -EFF y 
289 .49 87 108 243 81 1966 
343 97 111 52 259 121 1967 
246 97 130 60 286 111 1968 
287 59 141 42 241 103 1969 
326 58 111 65 ~35 111 1970 
295 84 94 76 254 101 1971 
290 40 92 57 189 131 1972 
370 97 70 37 203 122 1973 
384 167 148 35 350 87 1974' 
332 128 369 53 550 103 1975 
Mean 316 88 135 59 281 107 1971 
variancel 801 1 518 7 355 463 10 896 241 9 
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TABLE XIX 
DETAILS OF MULTIPLE LINEAR REGRESSION OF ANCH'OVY 
BIOMASS ON PILCHARD BIOMASS 
Regression 
Coefficient 

















PRB PlVIB PAB 
VARIANCE 
PTB EFF y h 
-7,07 -7,76 ~7,97 7,59 -0,16 4,05 -7 644,5 
29,65 29,74 30,12 29,75 1,56 9,51 18 734,3 
' -0,14 -0,15 -0,15 0,15 -0,06 0,24 -0,23 
-0,24 -0,26 -0,26 0,26 -0,10 0~43 -0,41 
0,83 0,81 0,81 0,82 0,92 0,70 0,71 
REGRESSION RESIDUALS 
All Significant All Significant 







Coefficient of 0,54 
determination 
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With all the variables of equation (19) included in 
the regression, the null hypothesis that anchovy 
biomass is not accounted for in terms of pilchard 
stock abundance is therefore accepted for the 10 
year period concerned. With the exclusion of 
statistically insignificant variables (at the 5 per 
cent level) all independent variables were eliminated. 
No step wise comparison was therefore possible. A. 
biological interpretation of the results of the 
regression equation (19) is given in the next section. 
(3) Results showed that the contribution of the variables 
of the third regression in explaining the overall 
variability of the equation was not significant 
according to the F test. Similarly using Students t 
test the coefficients were not statistically 
significant. 
When variables which did not explain the.variance in 
anchovy biomass to a significant extent were excluded 
from the equation, all independent variables were 
again eliminated. No step wise comparison was 
therefore possible. 
- 75 -
DISCUSSION AND CONCLUSION 
Sustainable Yield. 
The concept of a sustainable yield for pilchard 
has been questioned by Murphy (1966) who expressed 
the view that the population required to produce 
a certain yield would release resources to. the 
anchovy which, increasing, would change the 
environment of the pilchard population arid hence 
its sustainable yield. Larkin (1977) has highlighted 
the fact that population interactions would seriously· 
undermine the concept of a sustainable yield. This 
author pointed out that the complex interrelationship 
between mackerel and herring shown by Lett and Kohler 
(1976) might be typical of other fish communities. 
Environmental· causes of year-class strength ate not 
well enough understood to allow predictive and 
remedial measures to be enforced to conserve the 
stock. There appears to be a considerable amount 
of mortality occurring ~ithin a year-class independently 
of fishing effort, rendering a maximum sustainable 
yield unreliable. This is shown by the low coefficient 
of determination (Table XVII) and trends in effort and 
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Fishing pressure on the pilchards has not been 
deliberately reduced, however it is probable that 
as the population decreased it became less available 
and therefore subject to less fishing mortality, 
forming a negative feed-back system. The more 
available species, especially the anchovy, probably 
absorbed the effort previously directed to the 
pilchard. This would allow the pilchard population 
to endure several years of poor environmental 
conditions to produce strong year-classes once again. 
Abundance Estimates. 
Trends in population abundance obtained by V.P.A. 
have been compared to catch per unit effort analysis 
(Newman et al in press.and Stander and Le Roux 1968). 
From Table XI it can be seen that the biomass of the 
pilchard population reached a peak in 1959, whereas 
abundance according to catch per unit effort peaked 
in 1961 when the strong cohorts which comprised mainly 
·young fish in 1959 had become more available to the 
fishery as older age groups. Pilchard biomass declined 
from approximately 2 ~illion metric tons in 1959 to 
about 200 000 metric tons,in the mid 1970's. This 
trend was confirmed by the c.p.u.e. results. 
·subsequently 1974/1975 pilchard biomass rose to over 
/ 
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500 000 metric tons (Table XI). On the other hand, 
the anchovy population remained relatively constant 
at a level of about 300 000 metric tons (Table X). 
Trends in the anchovy and pilchard biomass are not 
affected by the assumptions about exploitation rate 
and natural mortality as shown in Tables VI, VII, 
X and XI. 
Trends in abundance of fish populations should be 
seen against the background of a possible cycle in 
hydrological conditions. This would help explain 
the appearance of large and small year-classes, 
especially where they appear independently of 
fishing effort. In order to demonstrate that there 
are long term cycles in hydrological conditions long 
sequences of information are required. Hydrological 
data has not yet been accumulated for long enough 
in South African waters to show whether or not there 
are long term cycles. 
Factors influencing fish populations. 
(a) Stock-recruit relationships. South African 
data on the anchovy and pilchard populations 
were fitted to the Ricker (1975) and Beverton" 
and Holt (1957) stock-recruit curves. The two 
models have a common basis at low rates of 
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population growth (Eberhardt 1977) but the 
form of the curves generated by a least squares 
fit of anchovy population data was very different 
(Fig. 1) indicating that the anchovy may have a 
high rate of growth at low stock levels. However, 
stock levels of the anchovy population low enough 
to test this hypothesis have not been recorded. 
The curves generated by a least squares fit of 
pilchard population data are shown on Fig. 2. 
According to Ricker (1975) a fit to the Beverton 
and Holt curve suggests the environment is more 
important controlling influence than stock 
density. 
(b) Interaction. 
The question of which stage of the life history 
of fish is most liable to cause mortality and 
hence changes in abundance, has occupied 
biologists for many years. Ricker (1954) was 
the first to suggest that recruitment was a 
continuum starting with the fecundity of the 
adult stocks and followed by interspecific 
competition and cannibal1sm by the parent stock. 
Most marine fishes are very fecund, producing 
between 104 and 107 eggs per female, and it is 
generally recognised that control of numbers 
in fish populations is achieved by processes 
dependent on density in juvenile life rather 
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than by variations in fecundity in adult life 
(Harris 1975; Cushing 1975). 
(c) Mechanisms 
In this thesis three possible mechanisms 
controlling anchovy and pilchard abundance are 
discussed in the light of the results of a 
regression analysis. Mechanism (1) in which 
abundance is considered as dependent on effort 
is tested for the anchovy population in 
equation (19) and the pilchard poJ)ulation in 
equation (18). 
Fig. 7 shows that total fishing effort was 
considerably lower before 1966, and it is 
unfortunate that the anchovy abundance cannot 
be compared with effort during that period. 
However for the period 1966/1975 total fishing 
effort is not significant in explaining the 
variance in anchovy biomass (Table XIX). This 
suggests that the first mechanism is not 
dominant. 
The coefficient of determination indicated that 
only 46 per cent of the variation in pilchard 
biomass is explained by the total fishing effort 
during the twelve year period considered. 
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,. Similarly a longer series (Fig. 7) shows that 
pilchard abundance is negatively correlated 
with total fishing effort of the, same year. 
r = -0,75 (P< 0,01 with 25 degrees of 
freedom) 
Mechanism (2) which implies that there is some 
competition for food between the anchovy and 
pilchard is not substantiated by equations (18) 
'or (19). The variation in pilchard abundance 
was not significantly correlated with the 
abundance of other pelagic species in eQuation 
(18), it is therefore concluded that anchovy 
abundance is not likely to influence the parameters 
of the pilchard population that describe its 
abundance, contrary to the view of Murphy (1966). 
This is substantiated by Figs. 5 and 6 which show 
that although the pilchard biomass dropped 
considerably in 1965 no increase in anchovy recruit 
biomass took place. ·After 1965 the anchovy recruit 
biomass increased marginally while pilchard biomass 
continued to fall. Any increase in the anchovy 
population is thus a secondary event. A similar 
observation was made for the Californian sardine 
population where the anchovy succeeded the pilchard 
' with a definite time lag (Murphy 1966). 
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Variation in anchovy abundance was also not 
significantly accounted for by pilchard stock 
size (equation 19) indicating that the two 
stocks are independent. 
Cushing (1975) considered density dependent 
mortality to be a continuous and fine control 
of recruitment being modulated by the availability 
of food which could include quality or patchiness 
of the food. In this way.density dependent 
processes are exploratory, and the carrying 
capacity of the environment is exploited 
continuously. This seems possible for the anchovy 
and pilchard populations in South African waters, 
and in this sense mechanism 3 is the most likely. 
The results of this thesis show that the size of 
the pilchard population has been influenced by 
fishing effort during the period 1950/1974. 
This is not of academic interest only, as 
financial benefit would accrue from equilibria 
favouring the dominance of large cannable 
pilchards. However, the mechanisms controlling 
species abundance are not fully understood, and 
indications are that understanding of abundance 
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rests on more adequate understanding of the 
environment. Rational management of the stocks 
should therefore include indicators of 
environmental suitability and stock recruit 
relationships. Research should be directed 
toward understanding parts of the life cycle 
most susceptible to both biotic .and abiotic 
conditions, including the pre-recruit phase. 
However predictive theory will only progress 
with synthesis of population dynamics and 
ecology (Russell-Hunter 1970). 
The simple exploitation of all pelagic species, 
with emphasis on the dominant one seems to provide 
the logical means of maintaining an equilibrium as 
well as taking advantage of good year-classes. 
The correct emphasis could be applied through the 
allocation of an annual quota for each species. 
A separate quota system for anchovy and pilchard 
catch would give a more flexible control of 
fishing effort, allowing effort to be directed 
when advantageous to species such as the anchovy 
which appear to be less sensitive to it. 
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Catch and effort statistics for bot-
tom trawlers on the Cape of Good Hope fish-
ing grounds (ICSEAF Division 1,6) are 
available for hake since 1955 (Table 1) and 
show that the catch has risen steadily dur-
ing this period, Previous attempts to 
~ssess the stock (~1011, 1973) have indi-
cated that the hake population on these 
grounds could at present be fully exploited, 
Two species of hake are caught, Mer-
luccius capensis and ~krluccius p::irad~s, 
but they have not always been distinguish-
ed in catch-per-unit-effort, size- and 
age-composition inforrnation, For assess-· 
ment .purposes the two species have conse-
quently been considered as one stock, 
The growth parameters for the two species 
are similar (Anon, 1973), so that their 
treatment as a single stock should have 
some validity, 
In view of the recent increase in 
catches in Division 1,6 it is important 
that the maximum sustainable yield from 
the fishing grounds be established, to-
gether with the optimal runount of effort 
required to harvest it, In this report 
an attempt has been made to ascertain the 
maximum sustainable yield using various 
techniques, Initially virtual population 
analysis was applied to determine stock 
size, recruitment and fishing mortality. 
From this information an equilibrium 
yield per recruit curve was established, 
Secondly, stock production curves were 
fitted to catch and effort data and from 
these curves yield and stock sizes at 
different levels of effort were calcu-
lated, Finally, the results of these 
two analyses were compared to a relation-
ship obtained from a plot of catch-per-
unit-effort on the mean effort of the 
two previous years. 
The techniques·used in the above 
analyses require as sumpti.ons about cer-
tain parameters, notably natural mortal-
ity and catchability coefficients, Sen-
sitivity analysis was thcrt'forc conducted 
to_dctcrmine how critical these assump-
tions were to the estimations of yield 
and stock size by the methods used in 
this paper, 
B. VIRTUAL POPULATION ANALYSIS 
1, Method and sensitivity 
The wei1>hts of hake landings from 
catches made on the Cape of Good Hope 
grounds were converted to numbers of fish 
caught following the method of Draganik 
(1974). Essentially this consisted of 
using information on age frequency and 
weieht at age from each contributing 
country, to determine the numbers of fish 







s • y 
= n 
L (Sn • wn) 
n 
the number (in millions) of fish 
of age n which arc caught in that 
. year, 
the frequency with which fish of 
affe n occur in the samples, 
Y = the annual catch (in_ metric tons) 
and w 
n 
the weight (in grams) of a fish 
of age n, as given by the country 
providing the age frequency data, 
The catches of nations which did not 
submit age composition data were allocated 
to those countries with adequate information, 
in proportion to the catch weights of these 
contributing countries, The numbers of 
fish from each age class that were caugh:t; 
in each year appear in Table 2, 
Estimates of the fishing mortality and 
total numbers of fish in the population for 
each age class were then obtained by the 
technique of Gulland (1965), The number 
of individuals alive is calculated by the 
expression: 
N x n 
( 2) 
c • z = x n x n 
* Sea Fisheries Hrnnch, StJa Point, Cape TO\\Tl (Hepttblic of' South A:frica) 
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where N the number of fish at aae n x n from class year x, 
c = the number of fb;h cuuc-ht at x n. at;q, n from year class x, 
F the fishing mortuli·ty on :fish x n o:f :from year class x, age n 
and z = the total morti:tlity on fish o:f x n ago n :from yeur class x. 
xZn was determined as the sum of xF~ 
and M (the natural mortality coe:f:ficientJ. 
This latter was assumed to be constant 
with a value of 0,25 (Draganik 1974). The 
technique also requires the assumption of 
a' terminal fishing mortality value for 
each year class, the fishing mortality on 
tho oldest o.ge group in the year class for 
which information is available, All other 
fishing mortality values arc found by 
iteration from the follo~ing equation: 
(J) 
- z 
Z e x n 
x n 
- z 
F (1-e x n) 
x n · 
The selection of su:l.table terminal 
:fishing mortalities for en ch age class vds 
complicated, for not only did assumptions 
have to be made about the mortalities in-
flicted on those age groups which were 
fully selected, .but a pattern of selection 
also had to be established in order to 
calculate the terminal fishina mortalities 
to which the younger age groups were 
exposed, Therefore an initial virtual 
population analysis, using the terminal 
fishini; mortalities and patterns of 
selection which were adopted by Draeanik 
(1974), was conducted, An examination of 
the resulting pattern of fishing mortal-
ity values in earlier years, when they 
would not be sensitive to Draganik's 
assumptions, suggested that the following 
selection pattern would be more appro-
priate: 
Age J 4 5 7 
Per cent selection 15 JO 50 70 100 
From this it appears that hake in 
ICSEAF Division ·1,6 are only fully select-
ed at an age of 7 years, 1he actual fish-
ing mortality value considered to be 
appropriate for the fully seJ.ected age 
classes was .1 , 7, This is a high value, 
but it was chosen after repeating the vir-
tual population analysis for a series of 
terminal :fishing mortality values on 
fully selected age groups, because it 
produced a change in fishing mortality 
patterns 'Which was roughly proportional 
to the change in fishing effort observed 
in recent years, 
Estimates of xFn for the years 1968, 
1970, and 1972 are listed in Table J for 
three different choices of terminal fish-
ing mortality, The raU.os o:f the two 
extreme asswnptions, that is F11 ~ 7 = 1, 2 
and 1''11 ), 1 = 1.8, appear in the last column ~o · the table. It is clear that 
the estinHtt's of xFn arc not sensitive 
to the initial choice ot' terminal fishing 
mortality at least up until 1970. The 
low sensitivity of xFn suggests that 
esti.mates of stock biomass would be equal-
· ly robu!.lt with regard to initial assump-
tions of terminal fishing mortality. 
Table /~ con:firms that this is indeed so, 
The sensitivity of the model to 
assumptions concerning the natural mortal-
ity coefficient {M) was examined by.repeat-
ing the virtual pop
0
ula tion analysis for 
M = 0.1; M = 0,25; and M = O.J {Table 5). 
These values were chosen as a possible 
range around the value of 0,25 established 
by Draganik ( 19711). The ratio of stock 
biomass estimates for the extreme values 
of M = 0.1 and M = 0,J are such that these r 
estimates must be regarded as being sen-
sitive to assumptions concerning tho natur-
al mortality coefficient, 
2, Catchability coefficient 
The catchability coefficient (q) can 
be derived from the equation: 
(4) 
F qf 
where F = the fishing mortality coefficient, 
and f'= the fishing effort, 
However, the calculation of q was com-
plicated by the :fact that a number of age 
classes of hake, although exploited, were 
not fully selected by the :fishing gear 
used, as is shown on Table 6, Values of F, 
and therefore q, qepend on age,-
Table 6 confirms, though, that hake 
of seven years and older, were subject to 
full selection, The q values for fish aged 
seven to nine inclusive were consequently 
calculated for each year by means of equa-
tion (4) and have been listed on Table 7, 
They are reasonably consistent and of the 
order of 0,00005, The fishing mortal-
ities used were the averages for hake. 
between the ages of seven and nine, Fish 
aged ten and older were ignored as there 
were insufficient numbers in the catch of 
these age groups to permit a reliable 
estimate of mortality, 
Hake which are younger than seven 
years, however, contribute large numbers 
to the catch, so that, in order to obtain 
a value of q which was applicable to the 
hake stocks generally, the following pro-
cedure was adopted. The average weighted 
value of fishing mortality (F) for all 
exploited age classes during the period 




:L F c 
= x 1n x n x n 
c 
L x n 
x,n 
The period 1965 to 1969 was selected 
as in thcRe years the effort expended re-
mained :fairly constant (Table 1), averag-
in[~ 19, 824 uni ts, Utilis ine the informa-
tion showt1 on Tables 2 and 6 a value of 
F = 0.51 was obtained by this method, 
This, when associntcd with the avcra1~e 
:fishint; ci'fort or 19,8211 units, i;lvc:; 
q = O.OOOOJ usinr; equation (It), Tld.s q 
value was considered as that most likely 
to apply to the total exploited hake popu-
lation and was consequently adopted f'or 
tho stock production model which is ·con-
sidered in a later section. 
J. Fluctuations in recruitment 
The numbers of fish in each age group 
on the Cape of Good Hope f'ishina grounds 
are shown, :for each year, on Table 8, To 
illustrate recruitment patterns the num-
bers of' three-year-old fish have been 
plotted on Figure 1. It may be noticed 
that from 19611 to 1970 recruitment was 
very consistent but that thereaf'tei it 
apparently increased substantially, There 
is some Wlcertainty about the validity o:f 
the increase because the analysis is less 
vigorous in later years where the year 
classes are short. In these cases , 
equation (J) becomes less precise for 
recruits as xNn+l is more closely tied to 
mortality assumptions. In addition the 
practice of discarding young :fish has 
decreased, and this may account :for· some 
of the observed increase in abundance of 
recruits. 
C. GENEHALISED STOCK PRODUCTION 
~ 
A generalized stock production model 
was fitted to the catch and effort int'orm-
ation listed on Table 1, ~his model, 
which has been fully described by Pella 
and Tomlinson (1969), is based upon the 
relationship: 
( 6) 
d ~)x) =·HP 1 (x) - KP(x) - qf(x)P(x) 
where P(x) = the biomass of fishable stock 
at time x, 
and 
H, K and l are coefficients defin-
ing the inherent potential 
for population growth, 
q the catchability coefficient, 
r(x) the number of units of fish-
ing eff'ort operating on the 
the population at time x, 
TI1e model enables H, K and q to be 
calculated for a series of' values of L , 
by adopting an iterative procedure to 
minimise the difference between the ob-
served and predicted catches in each year. 
The analysis requires the user to 
provide initial guesses of the following 
parameters: 
f opt, the optimal fishing cf'fort; 
r, the ratio of' the stock size at tho 
time when the :fishery :first comes 
w1der observation to the maximum 
stock size; 
U max, tho catch per unit of' effort when 
the stock is at its maximum size, 
and 
q, the catchability coef'f'icient. 
- 111) -
Likely limits f'or the above parameters are 
ul:-;o required ai1d tlw:;c, toisctltcr with the 
.initial (,'l.ICsses, arc listed on Table 9. 
The model is sensitive to q and may 
not always be a good estimator of this· co-
efficient, Pella and Tomlinson (1969) 
sugi;cst, therc:fore, that if a good esti-
mate of q is available, this should be 
fixed in the i tera t::i.ono Accordingly· a 
value of' O,OOOOJ was adopted for q. The 
deriva ti.on of this value has been describ-
ed in an earlier section, 
The coeffipients calculated by the 
model :for some selected values of' .L are 
listed on Table 10, together with a measure 
of' the goodness of' f'it (R), which is ob-
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(Pella and Tomlinson 1969) 
where a tho number of' years for which 






the observed catch for year x, 
the mean catch, and 
the predicted catch f'or year ·x. 
The value of R reflects that propor-
tion of' the total variation in the catches 
which is accounted f'or by the mo_del. 
Once the parameters of the model are 
known, equilibrium yields and the popu-
la ti.on si zcs which pro vi.de these equili-
brium yields may be calculated f'or dif'-
f'erent levels of ef'f'ort. The equ~libriwn 
yielµs may be derived from the equation: 
(8) 
l 
Y' = q.f,(q.f'. + K) ('T"=l) 
H 
(Pella and Tomlinson 1969) 
where Y1 = the equilibrium catch. 
For selected values of j. , the equili-
brium yields at diff'erent levels of eff'ort 
were calculated from this relationship. 
These have been plot tcd on Figure 2. The 
curves suggest that, irrespective of' the 
value of' ,l , the maximum sustainable yield 
is in the region of 150,000 metric tons 
per annum, It is also apparent that 
approximately 25,000 standard South African 
sidetrawler days arc required to capture 
this amount of fish. 
Under equilibrium conditions the catch 
is related to the population size by means 
of the equation: 
(9) 
Y 1 = qf'P' 
where pt = the equilibrium population size. 
Thls relationship enables the popu-
lation size. at a given level or efrort to 
be calculated. At :!5,000 w1its or efrort 
the c1111il:i.brium yield is or the order or 
1 ;:;o,ooo metric tons (Figure 2). Assuming 
a q value of O.OOOOJ, the size or the 
exploitable stock providing this yield 
would then be 193,000 metric tons. At 
20,000 units of effort the equilibrium 
yield would be 135,000 metric tons and the 
size or the exploitable stock 225,000 
metric tons. 
Fishing mortality of hake 3 years · 
and yoWlger is low (Table 6) and a srnal+ 
proportion of them is landed. Estimates 
from the stock productiori model should 
therefore be compared to the virtual 
population estimates of fish 11-years and 
older. The latter appear on Table 5 for 
different values of natural mortality. 
In recent years these estimates have been 
of the same order, though higher, than 
those provided by the generalized stock 
production model. 
D. YIELD PER RECRUIT ANALYSIS 
As information on fishing mortalities 
and recruitment was available from virtual 
population analysis a yield curve was 
generated by means of the runction: 
(10) 
n-1 
10 -z -2:::.zx 
yr = ~ Fn(1-e n).N .(e x=3 ).w 




the number of recruits, that is 
the number of three-year-old 
hake. 
The average fishing mortalities at 
age for the period 1965 to 1969 (Table 6) 
were calculated and associated with the 
average level of effort duriny- the same 
period, that is 19,824 units {Table 1). 
The period 1965 - 1969 was selected as 
during these years the effort remained 
fairly constant. Fishing mortality values 
at other levels of effort were estimated 
by adjustment of these mean values by 
direct proportion. 
A natural mortality value of 0.25 
was adopted to calculate the total 
mortality coefficients and the number of 
recruits was assumed to be 232 million 
individuals, the mean value of thrcc-
year-olds for the period 1965 to 1969 
(Table 8). The weights at age were taken 
as the mean of those listed for Japan, 
South Africa and the u.s.s.R. on Table lli 
of Draganik ( 19711). 
The resultant curve, ~tich appears 
on Figure 3, applies to a period in which 
a ·stable recruitm<~nt pattern p:t'evailed. 
It sum;ests that a yield of' 1!4!1,000 metric 
tons per annum is available from the 
stock and that this could be harvested 
with about 10,000 w1its of effort. The 
equilibrium catches decrease ouly slowly 
with increasing eff'ort, however, sucgest-
.inc,- that the yield is not too sensitive 
to overfishina. 
E. CATCH PEil UNTT EF'FOTIT AND EFFORT 
Hl~Ll\T.1.lmSlllP 
Tito catch and effort data on Table 1 ..... 
were used to derive the equation: 
L 
n 
( 11 ) 
-0 0 000038£' 1 2 + 2.67 x- ' x-
where f'x-l, x- 2 = the average rishing 
effort ror the years x-1 and x-2. 
Tho correlation coerricient was 
-0. 93 which with 17 degrees of' freedom is 
significant at the 1 per cent level. 
Equation (11) was then used to calculate 
equil:l.brium catches at different levels 
of ef'fort and these have been plotted on 
'Figure 4. The curve shows that the maxi-
mum yield available rrom the hake stock is 
about 1110,000 metric tons per annum and 
that this could be harvested with about 
25,000 units of effort. 
F. DISCUSSION 
Good documentatiort of catch and effort· 
data for the Cape of Good Hope hake stock 
has enabled the yield from this stock to 
be assessed using three methods. The re-·· 
sulting yield curves have been plotted on 
Figure 5 to facilitate comparison. It is 
apparent that a 11 three methods indicate 
that a yield in the vicinity or 150,000 
metric tons per annum is available from the 
stock with the fishing gear used during 
the study period, that is up w1til 1973. 
During the period 196/1 to 1973 rish-
ing was conduct~d mainly by Japan, South 
Africa, Spain and the u.s.s.R. These 
countries used nets with different mesh 
sizes, ranging from 70 mm to 120 mm, so 
that it is difficult to generalise on the 
efrective mesh size of the entire fleet in 
these years. Mesh selection studies 
(Anon. 1973) indicated, though, that the 
adoption by all boats of a minimum mesh 
size of 110 mm in place of 90 mm could 
increase the yield by between 5 and 1J 
per cent. As a result, a 110 mm minimum 
mesh size was introduced on the 1st July 
1975 and this should raise the maxirnwn sus-
tainable yield. 
The exact size of the increase in 
catch in the long term will depend on the 
proportion of the catch which was landed 
by diff'erent mesh nets prior to the selec-
tion studies. 
The levels of fishing efrort in 1972 
and 197J were 52 ,600 and 311, 500 Wli ts re-
s~ectively, considerably in excess of the 
25,000 units that the generalized stock 
production model and catch-per-unit-ef'f'ort 
on ef'fort predictions suggest would be 
necessary to harvest the maximum sustain-
able yiel.d, The yield-per-recruit analysis 
indicates that this maximum yield could be 
reaped by even less effort, that is 
1 O, 000 wli ts • 
TI1cse results arc based upon a period 
during which rccrui tmcn t was constant. 
The apparent increase in the abundance of 
three-year-old fish in 1971 and 1972 
rnic;h t be expcc tcd to aJ'f'cc t thn yi1>;I d 
in >1u!Jsequo:nt years as those year 
classes make a larfscr coutriln1tion to 
tl10 cntch, Tito val:ldity of tl1e i.ncrease 
in the number of Tccrui ts i.s ho wcvcr in 
some doubt, as discussed above. Until 
this problem has been resolved it should 
be assumed that under normal circum-
stances the Cape of Gqod Hope fi shine 
t;rounds can yield cntches or the order 
of 150,000 metric tons. 
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TABLE 1, Catch and effort statistics for halrn on the Cape of Good 
Hope c;rounds (ICSEAF Division 1,6) 
Total catch Catch per u11it e:f:fort Average total er:fort 
Year(s) (Thousands o:f (Thousands 
or metric Total efrort (Stan- or the two previous 
metric tons) 
tons per standard dard trawler days) years, (Standard 
trawler day) trawler days) 
1940-47 26 111.20 
/ 
1,BJ1 ... 
1955 BJ 12.115 6,667 ... 
1956 85 11.25 7,556 ... 
1957 91 11 .B5 7,679 7' 111 
1958 94 11.70 B,OJl1 7,618 
1959 105 11.70 ' 8,SB9 7,B57 
1960 11 5 12.45 9,237 B,462 
1961 107 B,70 12,229 9,063 
1962 107 10.20 10,490 10,76B 
196J 127 10.05 12,637 11,J95 
1964 123 10.50 11,714 11'5611 
1965 16B 7.80 21, 53B 12,176 
1966 156 7.65 20,J92 16,626 
1967 146 7.20 20,278 20,965 
196B 109 7.20 15,139 20,J35 
1969 1J5 6.20 21, 774 17,709 
1970 124 5.20 23,8116 lB' 457 
1971 1B9 5. 10 37,059 22,B10 
1972 195 4.oo l1B '750 30,li53 
197J 17B 3,60 49,l11J4 42,904 
Average 
































TABLE 2. The 111unlJers or f'ish caui;ht from each aee-class in the Cape. of 
Good llopc (ICSEAP Division I. G) hake stock, 19611-1973 
NumberR of' fish cauc;ht (millions) 
A G E 
0 2 3 1, 5 6 7 8 9 10 
0.9 3,2 6.3 9.6 13,7 11. 2 5,5 2.9 1. 5 
1. 2 3,5 8.o 15.2 19,8 15,7 7.7 3,9 1.9 
1G.2 32.4 48.2 30,8 19,3 5,6 1,11 0.5 
22.2 4o.4 42,6 23,5 12,6 3.4 0,8 o.6 
0,2 20,6 34,9 3lt. 6 18.5 11, 0 3.6 o.8 0.7 
... 9,6 55.0 56.4 29,3 21. 8 12. 1 4.2 1, 2 0,3 
0.5 17,3 511, 3 50,6 27,9 18,0 9,7 3,6 1. 2 o.4 
6.5 66.5 1118.0 75,9 25,2 19. 1 9,4 4.3 1. 3 0.11 
10,3 191 .o 27·1,o 141,0 23,1 1!1,6 6.2 2.5 o.4 0.2 
156.0 106,0 42,8 13. 1 6,9 2.0 0,3 o.3 
TABLE 3, Fishing mortality estimates for the Cape of Good Hope (ICSEAF 
Division 1,6) hake stock using different terminal fishing 
mortalities, (Assumed natural mortality = 0,25) 
Terminal Fishing Mortality 
1 9 6 8 1 9 7 0 1 9 7 2 
Ratio Ratio 
1. 7 1 ,8 1,8 /1. 2 1.2 1. 7 1. 8 1. 8/1.2. 1.2 1. 7 1.8 
o. 107 0, 107 ., ,01 0,260 0.272 0. 27lt 1.05 o.471 o. 585 0,6011 
0,313 0.313 1.00 0,505 0,522 o. 524 1 .011 o. 76/1 0.900 0.922 
o.488 0,488 1,00 0.519 0.529 0.530 1,02 o. 579 0.676 0,691 
0,559 0,559 1.00 0.721 0,726 0.727 1 .01 0.774 0,866 0,879 
0,840 0,841 1,02 0,861 0.874 0.875 1.02 1,005 1. 112 1.127 
0,853 0.856 1.03 1.025 1 ,044 1,0116 1,02 1. 639 1. 773 1,792 
1 • 211 1 • 211 1,00 1. 0111 1. 122 1. 137 1. 12 0,539 0.611 0.621 
TABLE 4, Bi.amass estimates (metric tons x 10-5 ) for the Cape of Good 
Hope {ICSEAF Division 1.6) llalw stock using different termi-
nal f'ishing mortalities, (Assumed naturai mortality = 0,25) 













1 • 21 
1. 19 
1. 14 
1 • 12 
1,09 
1,15 
Total Biomass Biomass of fish aged 11 and older 
Ratio Ratio 
1. 2 1.7 1.8 1,2/1.8 1. 2 1. 7 1. 8 1,2/1.8 
5,55 5,50 5,49 1. 01 4. 13 4.09 4.08 1. 01 
6.21 6. 13 6,12 1,01 4.80 4.73 11, 71 1 .02 
6,06 6,02 6,01 1 ,01 4. 69 4,65 4.65 1.01 
5,38 5,33 5,32 . 1 .01 4,12 11,07 4.o6 1 ,01 
11,87 4',811 4.83 1.01 3,53 3,51 J.51 1 ,01 
. 5,'28 5,19 5. 16 1.01 J.45 3,43 3,43 1.01 
5,19 5.011 5,00 1 .o4 3,03 2,98 2,98 1.02 
7.62 6,79 6,73 1. 13 2,88 2.77 2.76 1 .011 


























TAJlLE 5. Biomass usti111atcs (metrj.c tons x 10-5) f'or the Cape of' Goo<! 
II•>!'" (lCSE,\1" DLvi,..i<m t .(>) fluke stock UOiiur; tlii'f'urcnt natural 
mortalities. (Assumed tcrrrd.n•>l f'ishinc mortality= 1.7) 
Natural Mortality 
Total Biomass !Jioma.ss of' f'ish ar;cd 4 and older 
Ra.tio 
0 •. 10 0.25 0.3.0 0 • 3/0.1 0.10 0,25 0.30 
3.95 5.50 6.37 1. 61 3. 1 /1 4.09 li,119 
!1, 66 6,13 6.86 1,47 3.80 4.73 5, 11 
li,69 5,97 6.61 1. 41 3,8J 4.65 11,99 
4. 19 5,33 5.82 1,39 3,34 4.07 4.38 
3.84 4,83 5,27 1. 37 2.87 3, 51 3.79 
. 4 .07 5. 19 5.66 1 ,39 2.86 3.43 3.66 
11,08 5,03 5.40 1 .• 32 2.51 2.98 3. 17 
5.38 6,80 7. 19 1. Jli 2.110 2,77 2,91 
6.01 . 6.94 7.30 1(I21 2,611 2,98 3. 10 
TABLE 6, Fish.inc- mortaU. ty estimates f'or the Cape of Good Hope (ICSEAF 
Division 1.6) hake stock, 19611-1973. (Asswned natural mortal-
ity= 0,25 and asstmied terminal fishing mortality= 1.7) 
A G E 
0 1 2 3 11 5 6 7 8 9 10 
. . . . . . 0,00J 0.016 0.054 o, 134 0.351 0.602 0,355 0.740 ... 
. . . ... 0.004 0.017 0.055 0.190 o.477 0.952 1. 268 o.492 2.184 
















. . . . . . ... o. 125 0,JOi o. 570 0.667 o. 9/11-1 1. 16/1 0.669 1.365 1. 700 
. . . ... 0.001 o. 107 0.313 0,1188 0.559 o.84o o.853 1. 211 
. . . ... 0.032 0.297 0.503 o. 50!1 0.705 0,986 1.036 0.912 
... 0,001 0,029 0.272 0.522 0.529 o. 72(, 0.8711 1 .0114 1, 122 
... 0.004 0,081 0,1100 0.812 0.577 0.959 1, 238 1,505 1 .875 
. . . ... 0.192 0.585 0.900 0.676 0.866 1. 112 1, 773 0.611 
... . . . . .. 0.250 0.510 0,850 1. 190 1.700 1,700 1.700 
. . . ... 0.007 0.125 0.280 o.465 0.636 1,018 1. 124 0,835 
.TADLE 7, Average fishing mortality ( F7 _9) for f'ish aged seven to 
ninr., total ef'fort, and ca tchabili ty cocff'icien t ( q} f'or 
the Cape of' Good Hope (TCSl~Al•'. Division 1,6) hake stock, 
19611-1972, (Assumed natural mortality= 0,25 and asswn-
ed .terminal f'ishing mo.rtali ty = 1. 7) 
Year F7-9 
Total effort (Stan- -4 
dard trawler days} qxlO 
19611 0.566 11. 714 o,483 
1965 0.9011 21 •538 o.420 
1966 1.193 20,392 0,585 
1967 0.926 20,278 o.457 
1968 0.968 1.5. 139 0,639 
1969 0.978 21, 77/-1 O,l1/i9 
1970 l,013 23,8116 o.1i25 
1971 1. 539 37,059 o.415 
1972 1.165 48,750 0,239 
Avernc:e 
3.330 1.700 
5.000 1. 700 
0.856 1. 700 
1. 700 1, 700 
1. 700 . .. 
1.700 . .. 
2.1-100 1,360 
- 196/f-72 0.1157 
- 1117 -
TABLE 8. Tho numbers of' fish at HfSC in the Cape of' Good Hope (ICSEAF 
!Ji.vbd.on 1 "f)) l1ukn stock, 1'.)611-197~J.. (A0>!<11m<'d 11;,1.tn•n.l rnortal-
:l.ty = o._25 mu.I assw11cd tcrmi11al :f'ish.lllCT mortality= 1.7) 
Nu1ul'L'°'T'S of' fl. s·h (millions) 
A G E 
Ycur 0 1 2 3 11 5 6 7 8 9 10 
19611 1151 1128 J22 227 135 86.2 51.8 27.6 20.8 6.2 ... 
·1965 1184 .351 333 ·236 169 99.1 58.5 28.3 11 .8 11. 3 2.3 
1966 406 377 2711 243 177 12J.O 63.6 28.2 8.5 2.6 5.1~ 
1967 566 J17 29J 213 175 110.0 53.9 22.8 5.5 1.8 o.8 
1968 1,130 41i1 247 229 146 100 •. 0 48.1 21.5 6.9 1. J 0.7 
1969 668 878 34J 241 160 82.9 47.9 21.4 7.2 2.J O.J 
1970 2,370 520 684 256 139 75.0 J8.9 18.4 6.2 2.0 0.7 
1971 307 1,850 965 505 152 64.J 34.4 1 Ii. 7 ·6.o 1.7 0.5 
1972 . . . 239 1'230 6811 263 52,li 28.1 10.3 3,3 1.0 0.2 
1973 . . . . . . . .. 791 297 83, 1 20.7 9,2 2.6 o.4 o.4 
Average 
:for 651 li73 298 2J2 165 101,0 511. 4 24.4 8.0 . 3,9 1.9. 
1965-69 
TABLE 9. Ini.tial guesses and associ.a ted li.mi. ts :for parameters used in 
the generalized stock production model :for the Cape of' Good 





















18,597.0 1,860.0 185,970.0 
o.8 o.,o 1. 0 
13.0 1. J 130.0 
0.00003 0.00003 0.00003 
TABLE 10. Coe:f:ficients for the Cape of'.Good Hope (ICSEAF Division 
1.6) hake stock as calculated by the generalized stock 
production model for dif'f'erent choices of'} . (Assumed 
catchability coef'f'icicnt = 0,00003) . 
1 H K R 
0.10 5.6 x 104 O.J o.88 
0,JO 6.2 x 103 0.5 0.87 
0.50 8,J x 102 1. 2 o.86 
0.70 1, 2 x 102 2.11 0,811 
0.90 J.1 x 101 8.11 0.82 
1. 10 -2.6 x 10° -9.6 0.79 
1. JO -7.5 x 10-2 -J.6 0.77 
1. 50 -J.6 x 10-3 -2.J 0.7/i 
1. 70 -2.2 x 10-4 -1 .9 0.72 
1.90 -1.5 x 10-5 -1. 7 o.69 
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Distribution of major species in 
South African pelagic fishery 
By 0. M. Centurier-Harris and R. J. Crawford, 
Sea Fisheries, Cape Town 
SoME 180 000 catch reports, submitted by skippers 
of purse seine vessels and processing factories of the 
South African pelagic fishery throughout the period 
1964 to 1972, have recently been analysed by the 
Sea Fisheries Branch. One of the aims of this analysis 
was to determine the distribution of the catches of 
the various species, and the results are discussed in 
this paper. 
The fishing grounds were divided into 28 sectors, 
chosen to show any change in the fishing pattern 
occurring along the coastline and in an inshore-
offshore direction. For each sector the catch per unit 
area by species over the nine-year period was 
determined in short tons per square mile, and these 
yields are mapped in Figs. 1 to 6. The catches over 
the nine-year period were considered together, as 
there were few major differences in the fishing 
patterns during this period. Generally the area 
having the highest yield for a particular species was 
the same from year to year, though occasionally there 
was a shift to adjacent areas. The significant changes 
that have occurred in the distribution of the catches 
are discussed below and the annual landings of each 
species during the period considered are shown in 
Table I. 
The catch in any sector will be influenced by the 
accessibility of that particular sector to the fishing 
fleet. Thus, for example, the catch may be expected 
to be high in the St. Helena Bay vicinity where large 
numbers of boats are based. Currently, five factories 
processing pelagic fish are situated in this bay, 
between the Berg River mouth and Stompneus 
Point. A further two are located at Saldanha Bay 
and one each at Lambert's Bay, Hout Bay and 
Gans Bay. 
That the yield per unit area is, however, a pointer 
to the actual density distribution of the species is' 
shown by the differing patterns obtained for the six 
species. Table II compares some of the more 
important regions, giving an indication of their 
productivity, as well as showing the percentage of the 
total landings made from catches west of Cape Point 
and from catches inside the 100 fm contour. 
Anchovy 
In recent years the anchovy has been the major 
contributor to the South African pelagic catch. In 
1965 and subsequent years all boats were allowed to 
carry the small-meshed "anchovy net" (-!in. stretched 
mesh). In 1964, however, only limited numbers of 
boats were permitted to operate with this net, which 
accounts for the low catch in that year. 
The distribution of the anchovy indicates its 
greater availability in the cooler waters west of 
TABLE I. Annual catches in the Western Cape pelagic fishery, 1964-1972 (Thousands of short 
tons). 
Maas- Lantern-
Year Anchovy banker fish Pilchard Red-eye Mackerel Total 
1964 102 27 - 282 - 57 468 
1965 196 64 - 225 - 45 530 
1966 173 30 - 126 5 61 395 
1967 304 9 - 81 14 153 561 
1968 187 I - 104 15 99 406 
1969 189 28 I 54 14 102 387 
1970 237 8 20 45 3 86 399 
1971 203 2 3 72 16 60 356 
1972 309 I 17 68 22 61 478 
TABLE II. Yield per unit area of six South African pelagic species, and percentage of each 
species caught west of Cape Point and inside the 100 fm contour (1964-1972). 
Species 
Yield (short tons per sq. mile) Percentage of total catch 
Dassen Inside 
St. Helena Island - Walker West of 100 fm 
Bay Bok Point Bay Cape Point contour 
Anchovy 1295 183 82 95 99 
Maasbanker 114 3 19 91 99 
Lantern-fish 17 LI LI 99 100 
Pilchard 174 132 348 57 98 
Red-eye s 33 7 84 95 
Mackerel 185 236 15 97 84 
1s· 20• 
THE EXTENT OF THE SOUTH AFRICAN ANCHOVY FISHERY 
DURING THE PERIOD 1964-1972 
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Cape Point, and especially in areas of strong up-
welling with the consequent abundance of plankton 
(Fig. 1). St. Helena Bay had an especially high yield 
of anchovy - in excess of I 000 short tons per square 
mile for the nine-year period. In this region the 
northward drift of the Benguela Current, leaving the 
coastline at Cape Columbine, and an inshore counter 
current in the Lambert's Bay vicinity, may produce a 
cyclonic movement of the water in the bay. Water in 
motion in the southern hemisphere is deflected to the 
left of its path of travel, according to the Coriolis 
effect, so that the surface water would move away 
from the centre of this cyclonic pattern. The result 
would be upwelling and a mixing of nutrients, a 
·condition favourable for plankton blooms. 
Maas banker 
The . distribution of maasbanker catches was 
similar to the pattern obtained for anchovy, although 
catches did not extend north of 31°S or as far offshore 
(Fig. 2). Again, St. Helena Bay was the most 
productive area, but catches of this species have 
declined since the l 950's when, together with the 
pilchard, it formed the basis of the fishery. Through-
out the years considered, only during 1964-1966 
and in 1969 did the catch exceed 10 000 short tons. 
Lantern-fish 
The lantern-fish was most heavily exploited in an 
area including St. Helena Bay and the Cape Colum-
bine vicinity (Fig. 3). At present it has the most 
restricted range of the commercially fished pelagic 
species, 84 per cent of the catch being made in this 
area. Lantern-fish made their first documented 
appearance in the commercial catches in 1966 but 
it was not until 1969 that their catch weight was 
recorded separately from the anchovy (Centurier-
Harris 1974). 
Pilchard 
Pilchard catches extended from the Orange River 
beyond Cape Agulhas toward Cape lnfanta (Fig. 4). 
Lesser quantities were also landed on the Natal coast 
during the "sardine runs." These, however, have not 
been included in the annual catches, or in the yield, 
per unit area. 
The fishing grounds between Cape Hangklip and 
Danger Point were those most heavily exploited for 
the pilchard. Baird (in press) has shown that since 
1966 the catches of adult pilchard have been con-
fined to the waters east of Cape Point. During the 
nine-year period, however, the yield per unit area 
was also high in the Dassen Island - Bok Point 
vicinity and in St. Helena Bay. 
The bulk of the catch near the Orange River 
mouth was made in 1965 and 1966. This area also 
yielded small amounts of pilchard in 1964 and 
1971, but not in any other year. Most of the pilchard 
from the grounds east of Cape Point is landed 
between January and March. In recent years the 
catch has declined. 
Red-eye 
Sixty-five per cent of all the red-eye landed was 
caught in the inshore region between North Head at 
Saldanha Bay and Cape Point, but mostly in the 
region of Dassen Island and Bok Point (Fig. 5). In 
1966 there was a significant contribution from the 
grounds to the north of Saldanha Bay. 
Mackerel 
Mackerel catches were also heaviest in the Dassen 
Island-Bok Point vicinity (Fig. 6). It differs from 
the other species in that a significant proportion of 
the catch was pursed outside the 100 fm contour 
(Table II). 
Most of this catch was netted in the sector west 
to northwest of Cape Columbine, the area fiom 
which the late autumn or winter run of large 
mackerel is initiated. These catches were first made 
in 1968. From the offshore waters, the large mackerel 
move toward Cape Columbine and then turn 
southward, increasing catches in the Dassen Island 
vicinity. 
It is interesting to note that the Cape Columbine 
region is that where the lantern-fish are most 
abundant. This species has been shown to form an 
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important part m the diet of the large mackerel 
(Baird 1974). 
Discussion 
The heavy yield of all species from the cool in-
shore waters west of Cape Point may be attributed to 
the abundant supply of food-plankton found in 
these waters, which results from the upwelling 
mentioned above. Large mackerel are also caught in 
waters further offshore. On account of their pis-
civorous habits they are not as dependent on this 
supply of food-plankton as are the smaller mackerel 
and the other pelagic species. 
The large yield of pilchard east of Cape Point is 
in marked contrast to the lower yields of other 
species in this region and it is interesting to note 
the parallel in the developments of the South 
African pelagic fishery and that of California. 
Murphy ( 1966), in describing the collapse of the 
fishery based on the Pacific sardine, considered two 
components of this sardine stock, a northern one and 
a southern one. The northern fishery disappeared 
completely after 1948, and this was followed by a 
progressive southward shift in the site of most 
landings until the fishery was centred off Baja 
California. Thus the decline of the sardine was 
characterised by a progressive decrease in range as 
well as numbers. Moreover, the range contracted 
to the warmer waters of the south, and this was 
accompanied by an increase in the population of th~ 
anchovy in the cooler waters at the north of the 
fishery. Murphy considered the rise in the anchovy 
population to be a response to the environmental 
void created by the decline of the sardine. 
Prior to the decline in the stocks of the South 
African pilchard, large yields of pilchard were 
obtained from the cooler waters west of Cape Point 
(Stander and Le Roux 1968). At present, the yield 
is highest in the warmer waters to the east, and there 
is a high yield of anchovy on the west coast. How-
ever, it is not certain that the rise of the South 
African anchovy population can be attributed to an 
environmental void created by the decline . of the 
pilchard (Newman et al in press). 
Literature cited 
BAIRD, D. (1974). Biology and fishery of the mackerel, Scomber 
japonicus, in South Africa. Internal Rep. Div. Sea Fish. S. Afr.: 
1-28. 
BAIRD, D. (in press). A review of the pilchard fishery in South Africa 
1950-1972. . 
CENTURJER-HARRIS, 0. M. (1974). The appearance of lantern-fish 
in commercial catches. S. Afr. Shipp. News Fishg. ind. Rev. 29(1): 
45. 
MURPHY, G. I. (1966). Population biology of the Pacific sardine 
(Sardinops caerulea). Proc. Calif. Acad. Sci. 34(1): 1,-84. 
NEWMAN, G., R. CRAWFORD and 0. CENTURIER-HARRIS (in press). 
Assessment of fishing effort, stock abundance and yield for 
the South African multi-species pelagic fishery. . 
STANDER, G. H. and P. J. LE Roux (1968). Notes on fluctuations of 
the commercial catch of the South African pilchard (Sardinops 
ocellata) 1950-1965. Invest[ Rep. Div. Sea Fish. S. 4fr. 65: 1-14. 
Reprinted from the March 1974 edition of S.A. SHIPPING NEWS AND FISHING INDUSTRY REVIEW, Vol. 29, No. 3 
APPENDIX 3 
BIOMASS ESTIMATES OF SOME PELAGIC SPECIES IN 
SOUTH AFRICA (metric tons x 103) 
YEAR PILCHARD1 MAASBANKER2 MACKEREL2 RED-EYE1 ANCHOVY3 TOTAL 
1950 910 625 1 535 
1951 926 700 1 626 
1952 860 679 1 539 
1953 712 620 1 332 
1954 637 560 1 197 
19,55 736 456 1 192 
1956 1 040 409 1 449 
1957 1 520 437 1 957 
1958 1 890 461 2 351 
1959 2 040 .541 2 581 
1960 1 940 632 2 572 
1961 1 700 654 2.354 
1962 1 370 661 2 031 
1963 989 989 
1964 598 83 ·215 306 1 202 
1965 382 60 345 306 1 093 
1966 243 144 484 289 1 160 
1967 259 251 577 343 1 430 
1968 286 201 521 246 1 254 
1969 241 160 473 287 1 161 
1970 235 108 623 326 1 292 
1971 254 89 573 295 1 211 
1972 189 103 498 290 1 080 
1973 203 101 432 370 1 106 
1974 350 84 253 384 1 071 
1975 550 332 882 
1976 529 309 838 
1 Natural mortality = o, 50 
2 Natural mortality = 0,25 
3. Natural mortality = 0,80 
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